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Semiconductor chip stack and method for manufacturing the same 



(57) A semiconductor chip having a plurality of de- 
vice toimatlve layers that are formed into an integrated 
thin film Is provided by a technique for transferring. Ac- 
cording to the present Invention, a semiconductor chip 
that Is formed into a thin film and that Is highly Integrated 
can be manufactured bV transferring a device formative 



layer (501) with a thickness of at most 50u/n which is 
separated from a substrate (322) Into another substrate 
by a tech nique for transf erring, and transferring another 
device formative layer with a thickness of at most SOu/n 
which is separated from another substrate to the above 
device formative layers, and, repeating such transfer- 
ring process. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001 ] The present Invention relates to a semiconduc- 
tor chip and a manufacturing method for the semicon- 
ductor chip manufactured by stacking a plurality of de- 
vice formative layers which includes a semiconductor 
apparatus, a display apparatus, and a Hghi-emittlng ap- 
paratus each of which is composed of a plurality of thin 
film transistors (hereinafter, TFTs) over a substrate. The 
above described semiconductor apparatus includes a 
CPU, (Central Processing Unit), an MPU (Micro Proc- 
essor Unit) r a memory, a microcomputer, and an Image 
processor. The above described display apparatus In- 
cludes a liquid crystal display apparatus, PDP (Plasma 
Display Panel), FED (Field emission Display), or the 
like. The above described light-emitting apparatus In- 
cludes an electroluminescent apparatus or the like. 

2. Related Art 

[0DQ2] In recent years, a technique for fabricating a 
TFT using a semiconductor thin fflm (having a thickness 
of from approximately several to several hundreds nm) 
fabricated over a substrate having an insulating surface 
has been attracted attention. A TFT Is widely utilized for 
an electronic device such as an 1C. an optical device, or 
the tike. 

(0003) However, there has been a problem that a re- 
quirement for a substrate that is used while forming a 
TFT and a requirement for a substrate that is used after 
forming a TFT are not same. 

[0004] For instance, as a substrate for forming a TFT, 
a glass substrate or a quartz substrate is widely used 
now since these substrates have high heat-resistance 
so that they can be used when the process temperature 
is high, however, these substrates have some disadvan- 
tages such as being fragile and heavy. 
[0005] On the other hand, a flexible substrate such as 
a plastic film, although it cannot be used in the process 
at a high temperature for its low heat-resistance, has 
advantages such as hardly being cracked and being 
lightweight However, a TFT formed in the process at a 
low temperature cannol obtain greater electric charac- 
teristics than that formed over a glass substrate or a 
quartz substrate. 

[0006] As a technique that utilizes merits of using 
these both substrates, a technique for fabricating a thin 
film device over a glass substrate or a quartz substrate, 
and separating the thin film device (separated body) 
from the substrate, and then transferring to a transferred 
body such as a plastic substrate, etc are disclosed. (For 
example, Japanese Laid-Open Patent Application No. 
10-125929.) 

[0007] According to this, a thin film device can be 



formed over various subs I rates no matter what process 
the thin film device went through by using the technique 
for separating and transferring the thin film device to an- 
other subsriate. 

5 (0008] in the field of LSI. various ways for manufac- 
turing a ►ugh-integrated semiconductor apparatus has 
been proposed, for example, a technique for packaging 
a sem ieonduct or device fn th ree dimensions by stacking 
a plurality of chips Is known. (For example, Japanese 

i0 Uid-Open Patent Application No. 6-244360) 

[0009] However, a stacked semiconductor chip is ex- 
pected to be formed into a further thinner film in realizing 
ts high performance, its high operation, and its minia- 
lui ration since there is a technical limit In forming the 

« 5 semiconductor chp into a thin film. 

S UMMARY OF THE INVENTION 

[001Q] In view of the foregoing, ft is an object of the 

20 present invention to provide a semiconductor apparatus 
in which a plurality of device formative layers formed into 
a thin film over a substrate (including a semiconductor 
apparatus (a CPU, an MPU, a memory^ a microcomput- 
er, an image processor, orthe like) t a display apparatus 

SS5 (a liquid crystal display apparatus, a PDP, a FED, or the 
like), or a light-emitting apparatus) are integrated. 
[0011] A further object of the present invention is to 
lorm a structure that prevents each device from deteri- 
orating due to accumulated heat generated In each de- 

30 v ice formative layer in case of integrating a plurality of 
device formative layers over a substrate. 
(0012] According to the present invention, a semicon- 
ductor chip that is higher Integrated and that is formed 
-nto a thinner film compared with the conventional sem- 

m conductor chip packaged in three dimensions can be 
realized by transferring a device formative layer with a 
thickness of at most 50pm which is separated from a 
substrate to another substrate by using a technique for 
•ransf erring, and transferring another device formative 

40 layer with a thickness at most 50pm which Is separated 
from another substrate to the above device formative 
layer, and repeating such transferring process. 
[0013] in the present invention, a substrate is charac- 
terized by being formed of a thermal conductive material 
rhat can radiate heat effectively In consideration of the 
lact that a device formative layer serving as a trans- 
ferred body ha3 a thickness of at most SOum and a de- 
vice :s easily deteriorated due to heat generated in the 
device formative layer. In addition, a thermal conductive 

r*o ttiin film is preferably fabricated over the surface of a 
transferred body (over the transferred device formative 
Jaycj ; sn case of transferring another device formative 
tay» •• to the transferred device formative layer. 
[0014] As used herein, the term "thermal conductive 

95 substrate' refers to a substrate formed of a ceramic ma- 
terial containing aluminum oxide (alumina), aluminum 
nitride, aluminum nitride oxide, silicon nitride, orthe like 
as its main components, and a graphite material eon- 
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taining carbon as Its main components. As used herein, 
the term nhermal conductive thin film" refers to a thin 
film of aluminum nitride (AIM), aluminum nitride oxide 
(AIN x O Y {X>Y) 1 boron phosphide (BP), or diamond like 
carbon (DLC: Diamond Like Carbon), or a lamination 
film or the like of these films. 

[0015] The lamination structure according to the 
present invention, wtth respect to the electric intercon- 
nection In a lateral direction, is characterized by the flip 
chip structure in which wirings (auxiliary wirings) are 
formed Into each device formative layer in advance, and 
the wirings are connected electrically to the wirings in 
the other device formative layer when these device 
formative layers are stacked and bonded each other In 
a lateral direction, in addition to a wire bonding structure 
in which terminals provided in a part of each layer are 
connected each other by connection wires. 
[0016] A method for separating or transferring used 
in the present invention is not especially limited. For ex- 
ample as The method for separating or transferring, a 
metal layer (or a metal nitride layer) is fabricated over a 
substrate, a metal oxide layer is fabricated thereon , and 
an oxide layer is fabricated in contact with the metal ox- 
ide layer, and then, a device is formed over the oxide 
layer, subsequently, the device is separated from the 
substrate by spllttlng-off the metal oxide layer or an In- 
terface between the metal oxide layer and another layer 
In addition, in order to improving the way of separating, 
a heat treatment era laser light irradiation may be car- 
ried out. Or it is possible that a film containing hydrogen 
is fabricated over the oxide layer and a heat treatment 
is carried out on the resulted film to crystallize metal ox- 
ides. Further, a stress peel-ofl method may be adopted 
by which a film is separated utilizing membrane stress 
between two layers. 

[00171 In addition, a method for separating by which 
a device formative layer end a substrate are separated 
by means of fabricating a layer for separating between 
the device formative layer and the substrate and remov- 
ing the resulted layer by etchant can be adopted. Fur- 
ther, a method for separating by which a device forma- 
tive layer and. a substrate are separated by means of 
fabricating an amorphous silicon layer (or a polysllicon 
layer) between the device formative layer and the sub- 
strate and by Irradiating laser light to the resulted amor- 
phous silicon layer through the substrate can also be 
adopted. 

[ooi a] The constitution according to the present in- 
vention Is a semiconductor chip having a structure in 
which a plurality of device formative layers having thick- 
nesses of at most 50um Is fabricated over a substrate 
having thermal conductivity. 

[Odd] A semiconductor chip having a plurality of de- 
vices formative layers with thicknesses of at mostsojjim 
over a thermal conductive substrate, comprising: 

a first device formative layer with a thickness of at 
most 50uxn fabricated over the thermal conductive 



substrate via a first adhesive layer; 
a thermal conductive film fabricated" in contact with 
the first device formative layer; and 
a second device formative layer with a thickness of 
5 at most 50u/n fabricated over the thermal conduc- 
tive film via a second adhesive layer. 

[0020] The device formative layer (the first device 
foimative layer and the second device formative layer) 
to fn the above constitution Is preferably has a thickness 
of from 0.1 to lOum 

t002l ] In the above constitution, a semiconductor de- 
vice included in the first device formative layer and a 
semiconductor device Included In the second device 
'£ formative layer are electrically connected each other via 
connection wires by wirings included in the first device 
formative layer and wirings included In the second de- 
vice formative layer. 

[0022] In another constitution, a semiconductor de- 
20 vice included In the first device formative layer end a 
semiconductor device included in the second device 
formative layer are electrically connected each other via 
the first and second adhesive layers containing an ani- 
sotropic conductive material by connection wires con- 
& nected to each wirings Included In the first device form- 
ative layer and wirings included in the second formative 
layer. 

[0023] As an anisotropic conductive material, metallic 
particles such as Ag t Au, Al, or the like coated wilh in- 

30 sulating films and having a unidirectional conductivity 
can be used. In case of using anisotropic conductive 
materials for bonding the first and second device form- 
ative layers, it is preferably to irradiate the device form- 
ative layers with ultra waves to strengthen their adhe- 

35 siveneas. 

[0024] In the present Invention, the device formative 
layer is not limited to have one layer The number of the 
device formative layer can be Increased by stacking se- 
quentially a flm having thermal conductivity and a de- 
40 vice formative layer as in the case with the second de- 
vice formative layer. 

[0025] The device formative layer includes TFTs. a 
semiconductor apparatus formed by combining these 
TFTs (a CPU, an MPU, a memory, a microcomputer, an 
<5 image processor, or the like), a display apparatus (a liq- 
uid crystal display apparatus, a POP, a FED, or the like), 
or a tight-emitting apparatus. 

[0026] The constitution of the present invention Is a 
method for manufacturing a semiconductor chip having 

so a plurality of device formative layers with thicknesses of 
at most 50u/n over a thermal conductive substrate for 
obtaining a semiconductor chip that is integrated without 
increasing the area by stacking sequentially device 
formative layers with thicknesses of at most SOujn over 

■W a thermal conductive substrate, comprising the steps of; 

fabricating a first device formative layer Including a 
plurality of thin film transistors over a first substrate; 
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fabricating a soluble organic resin film over the first 
device formative layer 

fabricating a first adhesive layer in contact with the 
first soluble organic resin film: 
bonding the second substrate to the first soluble or- 
ganic resin film via the first adhesive layer, and 
sandwiching the first device formative layer and the 
first soluble organic rasin film between the first sub- 
strate and the second substrate; 
separating and removing the first substrate from the 
first device formative layer by a physical means; 
fabricating a second adhesive layer In contact with 
the thermal conductive substrate; 
bonding en exposed surface of thefirst device form- 
ative layer to the thermal conductive substrate via 
the second adhesive tayen 
separating the first adhesive layer and the second 
substrate from the first device formative layer; 
removing the first soluble organic resin film with sol- 
vent; 

fabricating a thin film having thermal conductivity 
over an exposed surface; 

fabricating a second device formative layer includ- 
ing a plurality of thin film transistors over a third sub- 
strate; 

fabricating a second soluble organic resin film over 
the second device formative layer; 
fabricating a third adhesive layer in contact with the 
second soluble organic resin film; 
bonding the fourth substrate to the second soluble 
organic resin film. via the third adhesive layer, and 
sandwiching the second device formative layer and 
the second soluble organic resin film between the 
third substrate and the fourth substrate; 
separating and removing the third substrate from 
the second device formative layer by a physical 
means; 

fabricating a fourth adhesive layer in contact with a 
thin film having thermal conductivity; and 
an exposed surface of the second device formative 
layer over the thin film having thermal conductivity 
via the fourth adhesive layer. 

[0027] In the above constitution, the thin film having 
thermal conductivity Is formed of a Arm of aluminum ni- 
tride, aluminum nitride oxide, boron phosphide, boron 
nltride t or diamond like carbon, or a lamination film ol 
these fikns, each of which is formed by sputtering. 
[0028] Further, in the above constitution, e&her or 
both of the second adhesive layer and the fourth adhe- 
sive layer are fabricated by using an anisotropic adhe- 
sive, and the device formative layer is bonded via either 
or both of the second adhesive layer and the fourth ad- 
hesive layer by being irradiated with ultra waves. 
[0025] 1 n the above each constitution, the constitution 
in which a metal layer, a metal oxide layer, and an oxide 
Layer are fabricated sequentially over a first substrate 
and a third substrate to form a metal oxide having a crys- 



tal structure within the metal oxide layer for separating 
and removing the fi rst easily substrate an d>the third sub- 
strate by a physical means of splitting-off the metal oxide 
layer Is Included. Further, the constitution in which the 

5 metal oxide layer having a crystal structure is fabricated 
by fabricating a film containing hydrogen (a silicon ni- 
tride film, a silicon nitride oxide film, an amorphous sem- 
iconductor film, or the like) over the oxide layer and heat- 
treating the resulted firm for dispersing hydrogen is in- 

io eluded in the above each constitution. 

[0030] For separating easily the first substrate or the 
third substrate, reinforcing substrates can be bonded lo 
each the first substrate or the third substrate via adhe- 
sive layers. The reinforcing substrate can be separated 

is together with the first substrate or the third substrate. 
[0031] According to the present invention, a semicon- 
ductor chip can be formed Into a thinner film and a higher 
Integrated semiconductor chip by stacking a plurality of 
device formative layers with thicknesses of at most 

20 50pm over a thermal conductive film by a technique tor 
transferring compared with the case of packaging the 
device formative layers in thro© dimension. The prob- 
lems arisen in case of stacking a plurality of thin da vice 
formative layers that the heat accumulation and the de- 

2S terioratton of a device due to the accumulated heat can 
be prevented by interposing thermal conductive layers 
between Che laminated device formative layers. 

BRIEF (DESCRIPTION OF THE DRAWINGS 

30 

[0032] 

Figs. 1 A to 1 C are explanatory views of the structure 
of a semiconductor chip according to the present 
35 invention; 

Figs . 2A to 2C are explanatory views of the structure 
of a semiconductor chip according to the present 
invention; 

Figs, 3A to 3C are explanatory views of a method 
40 for manufacturing a semiconductor chip according 
to the present Invention; 

Figs. 4A to 4C are explanatory views of a method 
for manufacturing a semiconductor chip according 
to the present invention; 
*s Figs. 5A to 5C are explanatory views of a method 
for manufacturing a semiconductor chip according 
to the present invention; 

Figs. GA to 6C are explanatory views of a method 
for manufacturing a semiconductor chip according 
so to the present invention; 

Figs. 7A to 7C are explanatory views of a method 
for manufacturing a semiconductor chip according 
to the present invention; 

Figs. 8A to 8C are explanatory views of a method 
as for manufacturing a semiconductor chip according 
to the present invention; 

Figs. 9A and QB are explanatory views of the struc- 
tures of semiconductor chips according to the 
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present invention; 

Fig. 10 Is an explanatory view of a structure of a 
CPU Included in a semiconductor chip according lo 
the present invention; 

Fig. 11 is an explanatory view of the embodiment of 
a semiconductor chip according to the present in- 
vention; 

Figs. 12A to 12 D are explanatory views of a man- 
ufacturing process of TFTs; 
Figs. 13A to 13D are explanatory views of a manu- 
facturing process or TFTs; 
Fig. 14 is an explanatory view of a module incorpo- 
rated with a semiconductor chip according to the 
present invention; 

Figs. 15A to 15G are explanatory views of electric 
appliances utilizing a semiconductor chip according 
to the present invention; 

Figs. 1 0A and 1 BB are explanatory views of a bot- 
tom gate TFT and a dual gate TFT: 
Figs. 1 7A and 1 78 are explanatory views of a meth- 
od for manufacturing a semiconductor chip accord- 
ing to the present Invention; and 
Figs. 1 BA and 1 8B are explanatory views of a msth- 
od for manufacturing a semiconductor chip accord- 
ing to the present invention. 

DESCRIPTION OF THE PREFPSREO 
EMBODIMENTS 

[0033] Hereafter, embodiment modes of the present 
invention will be described. 

Embodiment Mode 1 

[0034] The structure of a semiconductor chip manu- 
factured according to the present invention is explained 
with reference to Figs*. 1 A to 1C. As shown In Fig. 1 A, 
the semiconductor chip according to the present inven- 
tion has a wire bonding structure in which a first device 
formative layer 102 Is stacked over thermal conductive 
substrate 101 interposing an adhesive layer 1 04, and a 
second device formative layer 103 is stacked thereon 
interposing an adhesive layer 104. then, wirings (not 
shown) of each the first device formative layer 102 and 
the second device formative layer 1 03 are connected 
electrically to wirings (not shown) of the thermal conduc- 
tive substrate 1 01 by connection wires 1 08. 
[0035] The device formative layers (the first device 
formative layer 102 and the second device formative 
layer 103) have thicknesses at most SO+im. Further, 
these device formative layers were fabricated In ad- 
vance over another substrate and separated from the 
substrate by a technique for separating. 
[0036] A substrate having thermal conductivity (the 
thermal conductive substrate 101) is used for the sub- 
strate on which the first device formative layer 102 is 
pasted since the device formative layer according to the 
present invention is a thin film having a thickness of at 



most 50pm and a device is susceptible to generated 
heat. In case of fabricating the second device formative 
layer 103 over the first device formative layer 10? via 
the adhesive layer 104. a thermal conductive film 105 is 

5 fabricated In contact with the first device formative layer 
1 02. In addition, a flattening film may be fabricated over 
the surface of the thermal conductive substrate 1 01 for 
preventing device destruction or Interconnection de- 
struction In the first device formative layer 102 or the 

io second device formative layer 1 03, which are thin films, 
due to irregularities (not shown) of the surface of the 
thermal conductive substrate 101. 
[0037] As the thermal conductive substrate 101, ace- 
ramic substrate containing aluminum oxide (alumina), 
aluminum nitride (AIM), aluminum nitride oxide (AlNxOy 
(X>Y), silicon nitride, or the like as Its main components, 
and a graphite substrate containing carbon as Its main 
components can be used. As the thermal conductive 
film 105, a film of aluminum nitride (AIN), aluminum nl- 

20 tride oxide (AlN x Oy(X> Y), boron phosphide (BP), boron 
nitride (BN), diamond like carbon (DtC: Diamond Uke 
Carbon), or a lamination film or the like of these films 
can be used. 

[0038] A method for fabricating the thermal conduc- 
es tive film 1 06, sputtering, vapor deposition, CVD, or the 
Uke can be used 

[0039] For example, In case of fabricating the thermal 
conductive film 105 by AIN, the film Is deposited by using 
aluminum nitride (AIN) target under the atmosphere 

30 composed of mixed gas of argon gas and nitride gas. In 
addition, the film can be deposited using aluminum (A!) 
target under the atmosphere of nitride gas, 
[0040] Each the pasted first device formative layer 
1 02 and second device formative layer 1 03 is electrically 

35 connected to the wirings (not shown) over the thermal 
conductive substrate by the connection wire 106 re- 
spectively. As a material for forming the connection wire, 
a wire formed of Au. Cu > Al, Al-Si, or an alloy of Au can 
boused. 

40 [0041] The first device formative layer 102 and the 
second device formative 103 can be electrically con- 
nected to the outside by bonding the wirings of the ther- 
mal conductive substrate to a printed wiring board (not 
srtown) via a solder ban 107 connected electrically to 

49 the wirings of the thermal conductive substrate 1 01 . 
[0042] The structure of the device formative layer (the 
first device formative layer 102 and the second device 
formative 1 03) shown in Rg. 1 A and electrical Intercon- 
nection between the device formative layer and the ther- 

so mal conductive substrate 101 by the connection wire 
106 are explained wfth reference to Pg. IB. 
[0043] In the device formative layer 1 02, o plurality of 
thin film transistors (hereinafter. TFTs) are formed as 
semiconductor devices, and a semiconductor appara- 

S5 tus (a CPU, an MPU. a memory, a microcomputer, an 
Image processor, or the like); a display apparatus (a liq- 
uid crystal apparatus, e POP. an FED, or the like); or a 
Bght-emittlng apparatus, each of which includes devices 
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formed by combining these TFTs, is manufactured. 
[0044] The first device formative layer 102 Includes 
an oxide layer 108a a part of which has a metal oxide 
layer since the device formative layer can be obtained 
as the following process: a plurality of TFTs and wirings 
(auxiliary wiring) are formed over a metal layer, a metal 
oxide layer, and an oxide layer fabricated over a sub- 
strate, and the oxide layer and TFTs formed over the 
oxide layer are separated from the substrate and the 
metal layer by splltting-off the metal oxide layer by a 
physical means. The oxide layer 108a a part of which 
has a metal oxide layer is bonded to the thermal con- 
ductive substrate 101 via an adhesive layer 104a. 
[0045] As a material for forming the adhesive layer 
104a. various curing adhesivos such as a photo-curing 
adhesive, for example, a reactfon-curlng adhesive, a 
thermal-curing adhesive, or a Lrv-ctiring adhesive, or an 
anaerobic adhesive can be used. 
r0O4€J The device formative layer 103 is fabricated 
over ihe fust device formative layer 1 02 via the thermal 
conductive Mm 105. 

[0047] The second device formative layer 103 In- 
eludes an okioc layer 100b a part of which has a metal 
oxide layer since the device formative layer can be ob- 
tained as the following process: a plurality of TFTs and 
wirings {au«i|i*ry wiring) are formed over a metal layer, 
a metal oxide layer, and an oxide layer fabricated over 
a subsume and the oxide layer and TFTs formed over 
the oxide Mycr are separated from the substrate and the 
metai lave* by spiitteng-off the metal oxide layer by a 
physical mc^rs The oxide layer 108b a part of which 
has a meiHi oxide layer is bonded to the thermal con- 
ducing Mm ICS via an adhesive layer 104b, 
[0048] As * material for forming the adhesive layer 
1 04b. venous cunng adhesfves such as a photo-curing 
adhesive lor example, a reaction-curing adhesive, a 
thermal < U nng adhesive, or a UV-curing adhesive, or an 
anaerobic adhesive can be used. 
[0049) The Irrsl device formative layer 102 and the 
second device lormative layer 103 can electrically con- 
nect lo the outside by wirings (110a, 110b) formed In 
each the fir si device formative layer 1 02 and the second 
device formairvc layer 103 via an electrode pad 111. 
[0050] A scmtconducior apparatus, a display appara- 
tus, a irtjm-cmimng apparaius. orthe Irte, each of which 
Includes devices composed of a plurality of TFTs and Is 
formed in the first device formaifve layer 102 and the 
second device formative layer 103, is electrically con- 
nected to the wirings formed over the thermal conduc- 
tive substrate by the connection wire 1 0fi. 
[O0S1] Although the case that the device formative 
layer is formed to have a two-lamination layer is ex- 
plained in Embodiment Mode 1, but not exclusively, the 
device formative layer may be formed to have a three- 
or more-lamination layer 

[0052] Thus, a semiconductor chip having a structure 
in which a plurality of device formative layers are 
stacked over the thermal conductive substrate. 



[0053] After forming the interconnection structure 
shown in Fig. 18, a r&&in 112 may be formed to encap* 
sulate the device formative tsyer(102 t 103) andthecon- 
nection wire 106. In addition, a material for the resin 112, 

s a thermosetting resin or a thermoplastic resin can be 
used. Specifically, a mold resin such as an epoxy resin, 
a silicon resin, a PPS resin (pofyphenylene sulfide res- 
in), orthe like can be used. In the present invention, a 
substrate formed of glass, quarfc, plastic, or a metal ma- 

*0 terial can be used Instead of resin. 

Embodiment Mode 2 



[0054] The structure of a semiconductor chip that is 
different from that described in Embodiment Mode 1 will 
be described in Embodiment Mode 2. Figs. 1 A to 1 C 
illustrate the structure that the device formative layer Is 
etectrteally connected to the thermal conductive sub- 
strate by the connection wire 106. In this embodiment, 
the case of adopting a flip chip structure in which tami- 
nated device formative layers are connected electrically 
to a thermal conductive layer without using connection 
wires will be described.. 

[0055] As shown in Fig. 2A. a first device formative 
*s layer 202 having a thickness at most SO^m is stacked 
over a thermal conductive substrate 201 via an aniso- 
tropic conductfve layer 204, and a second device form- 
ative layer 203 having a thickness at most 50jim is 
stacked over the first conductive layer 202 via an aniso- 
30 tropic conductive layer 203. Here, wirings are exposed 
over the surface of each the first device formative layer 
202 and the second device formative layer 209, these 
wirings are electrically connected each other via the an- 
isotropic conductive layer 204, and also electrically con- 
55 nected to the wirings (not shown) over the thermal con- 
ductive substrate. 

[0056] The first device formative layer 202 and the 
second device formative 203 can be elect ricatiy con- 
nected to the outside by bonding the wirings of the ther- 
40 ma! conductive substrate 201 to a printed wiring board 
(not shown) via a solder ball 206 connected electrically 
to the wirings of the thermal conductive substrate 201 . 
[0057] Here, the structure of the device formative lay- 
er (the first device formative layer 202 and the second 
45 device formative 203) shown In Fig, 2A and electrical 
interconnection between the device formative layer and 
the thermal conductive substrate 201 by auxiliary wir- 
ings a and b (210a and 210b) are explained with refer- 
ence to Fig. 2B. 
so [0O58] In the first device formative layer 202, a plural- 
ity of thin film transistors (hereinafter, TFTs) te formed 
as a semiconductor device, and a semiconductor appa- 
ratus composed of the TFTs (a CPU, an MPU, a mem- 
ory, a microcomputer, an image processor, orthe like); 
ss a display apparatus (a liquid crystal apparatus, a POP, 
an FED, or the lace); or a light -emitting apparatus, each 
of which Includes these devices formed by combining 
these TFTs, is manufactured. 
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[0059] The separated surface of first device formative 
layer 202 includes an exposed oxide layer 2QSa and a 
part of an auxiliary wiring a (21 Oa) since the first device 
formative layer 202 can be obtained as the following 
processiapluralrtyofTFTsandwirings (auxiliary wiring) s 
are formed over a metal layer, a metal oxide layer, and 
an oxide layer fabricated over a substrate, and the ox ids 
layer and TFTs formed over the oxide layer are separat- 
ed from the substrate and the metal layer by splitting- off 
the metaJ oxide layerby a physical means, then, the aux- U 
iliary wiring a (21 Oa) for reaching a wiring 209a Is formed 
over the separated surface. The oxide layer 208a and 
the auxiliary wiring a (21 Oa) are bonded to the thermal 
conductive substrate 201 via the anisotropic adhesive 
layer 204a, Thus, the auxiliary wiring a (21 Oa) formed m 
over the first device formative layer 202 Is connected 
electrically to the wiring (not shown) over the thermal 
conductive substrate 201 via the anisotropic conductive 
adhesive layer 204a. 

{0060] As a material for fabricating the anisotropic *o 
conductive adhesive layer 204a, an anisotropic conduc- 
tive adhesive, which is made by dispersing an aniso- 
tropic conductive material on a photo-curing adhesive 
such as a reaction -curing adhesive, a thermal-curing 
adhesive, or a UV-curing adhesive, or an anaerobic ad- *s 
hesive, can be used. As an anisotropic conductive ma- 
terial, metal particles such as Ag, Au, A I, orthe like coat- 
ed with insulating films and having a unidirectional con- 
ductivity can be used. In case of using an anisotropic 
conductive, it Is preferably to bond the first device form- 30 
ative layer with Irradiating ultrasonic waves for obtaining 
tha strong adhesiveness. 

[0061] The second device formative layer 203 is 
stacked over the first device formative layer 202 via the 
thermal conductive film 205. as 
[0062] The separated surface of second device form- 
ative layer 203 includes an exposed oxide layer 203b 
and a part of en auxiliary wiring a (21 Ob) since the device 
formative layer can be obtained as the following proc- 
ess: a plurality of TFTs and wirings (auxiliary wiring) are 40 
formed over a metal layer, a metal oxide layer, and an 
oxide layer fabricated over a substrate, and the oxide 
layer and TFTs formed over the oxide layer are separat- 
ed from the substrate and the metal layer by spllttlng-off 
tha metal oxide layerby a physical means, then, the aux- <s 
fllary wiring a (21 Ob) for reaching a wiring 209 Is formed 
over the separated surface. The oxide layer 208b and 
the auxifiary wiring a (210b) are connected to the first 
device formative layer 202 via the anisotropic adhesive 
layer 204b. Thus, the auxiliary wiring a (21 Ob) and the so 
wiring 209b formed over the first device formative layer 
202 aro electrically connected via the anisotropic con- 
ductive adhesive layer 204b, moreover, connected elec- 
trically to wirings (not shown) formed over the thermal 
conductive substrate 201 . 55 
[0063] As a material for fabricating the anisotropic 
conductive adharfve layer 204b, an antsotropteconriitc- 
tlve adhesive, which Is made by dispersing an aniso- 
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iropic conductive material on a photo-curing adhesive 
such as a reaction-curing adhesive, a 'thermal-curing 
adhesive, or a U V-curing adhesive, or an anaerobic ad- 
hesive, can be used. As an anisotropic conductive ma- 
terial, a metal particle such as Ag, Au, Al, orthe Ilka coat- 
ed with an insulating film and having a unidirectional 
conductivity can be used, fn case of using an anisotropic 
conductive. It is preferably to bond the second device 
formative layer with Irradiating ultrasonic waves for ob- 
' tainlng the strong adhesiveness. 

[0064] Fig. 2C is an enlarged view showing reference 
numeral 213 in Fig. 2B. Thus, the auxiliary wiring b 
(21 0b) formed In the second formative layer 202 and the 
wiring 209b formed in the first devfce formative iayer202 
are electrically connected each other via an anisotropic 
conductive particle 215 within the anisotropic conduc- 
tive adhesive layer 204b composed of the anisotropic 
conductive particle 215 and an adhesive 2 1 4. Here, the 
anisotropic conductive particle 215 has the structure in 
which metallic particles are coated with insulating films. 
[0O6SJ Therefore a semiconductor apparatus, a dis- 
play apparatus, a tight-emitting apparatus, or the like, 
each of which Includes a device composed of a plurality 
of TFTs and is formed In the first device formative layer 
202 and the second device formative layer 203, is elec- 
trically connected to the wirings formed over the thermal 
conductive substrate by the auxiliary wirings a and b 
(21 Oa and 21 Ob) and the anisotropic conductive adhe- 
sive layers (204a, 20 4b). 

[0066] The case that the device formative layer is 
formed to have a two-lamination layer is explained in 
Embodiment Mode 2, but not exdusfvefy. the device 
formative layer may be formed to have a three- or more- 
lamination layer 

[0067] Thus, a semiconductor chip having a structure 
in which a plurality of device formative layers are 
stacked over the th erma l conductive substrate. 
[0068] A top gate TFT is explained as an example of 
the type of a TFT in embodiment Mode 1 and Embodi- 
ment Mode 2 in the present invention, but not exclusive- 
ly. 6 bottom gate TFT having a structure in which a gale 
electrode is formed on the underside of an active layer 
as shown in Fig. 1 6A, or a dual gate TFT having a struc- 
ture in which two gate electrodes are formed so as to 
sandwich an active layer as shown in Fig. 16B can be 
also adopted. 

Embodiments 

[0065] Hereinafter. Embodiments of the present In- 
vention Will be described. 

Embodiment 1 

[0070] in this embodiment, a method for manufactur- 
ing a semiconductor chip according to the present in- 
vention, which has a structure explained in Embodiment 
Mode 1. will be described with reference to Figs. 3A to 
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[0071 ] Pig. 3A is a vis w of showing a state that a metal 
layer 301 , a metal oxide layer 302, and an oxide layer 
303 are sequentially fabricated over a first substrate 
301 , and a device formative layer 250 is fabricated ther- 
eon. 

[0072] As the first substrate 300. a glass substrate, a 
quartz substrate, a ceramic substrate, a silicon sub- 
strate, a metal substrate, or a stainless substrata, or the 
(ike, can be used. In this embodiment. AN 1 00 which is 
a glass substrate, is utifized. 

[0073] As materials for the metal layer 301 fabricated 
over the first substrate 300, an element selected from 
the group consisting of W, 71, Ta, Mo, Nd, Nl, Co, Zr, Zn, 
Ru, Rh, Pd, Os, lr, and Pt; a single layer fabricated of 
an alloy material or a compound material containing 
these dements as its main components; a lamination 
layer of the single layers; or nitrides, for example, a sin- 
gle layer or a lamination layer fabricated of titanium ni- 
tride, tungsten nitride, tantalum nitride, or molybdenum 
nitride. The metaJ layer 301 is fabricated to have a thick- 
ness of from 10 to 200nm f preferably, from 50 to 75nm. 
[0O74J In case of forming a metal layer 301 by sput- 
tering, the thickness at the vicinity of Hs periphery por- 
tion of the first substrate 300 is tend to be Inborn o gen e- 
ous since the first substrate 300 is fixed. Therefore, it is 
preferable thai only the periphery portion is removed by 
dry etching. In this regard, an insulating film fabricated 
of an oxynltride silicon film may be fabricated to have a 
thickness of approximately lOOnm between the first 
substrate 300 and the metal layer 301 to prevent the first 
substrata 300 from being etched. 
[0075] The metal oxide layer 302 and the oxide layer 
303 are fabricated over the metal layer 301 . In this em- 
bodiment, the case that the oxide layer 303 is fabricated, 
and the metal layer 301 is oxidized in the following proc- 
ess, and then, these layers are formed Into the metal 
oxide layer 302 will be described. 
[007$] Therefore a layer fabricated of tungsten is fab- 
ricated to have a thickness of from 1 0 to 200nm, prefer- 
ably, from 50 to 75nm as the metaf layer 301 . Further, 
the oxide layer 303, here a silicon oxide layer, is stacked 
thereon to have a thickness of from 150 to200nm with- 
out exposing to the atmosphere. The thickness of the 
oxide layer 303 is preferably more than twice as large 
as that of the metal layer 301. For example, a silicon 
oxide film is preferably fabricated to have a thickness of 
from 1 50 to 200nm by sputtering using silicon oxide tar- 
gets, 

[0077] A device formative layer 250 fabricated over 
the oxide layer 303 Is the layer in whbh a semiconductor 
apparatus, a display apparatus, or a light-emitting ap- 
paratus Including a device formed by combining appro- 
priately TFTs (p-channel TFTs or n-channei TFTs) is 
formed. The TFT described here is composed of an im- 
purity region 304, a channel formation region 306. each 
Of Which is formed In a part of a semiconductor film over 
a base film 305a. a gate insulating film 307, and a gate 



electrode 308, and is connected electrically by a wiring 
309. Further, an electrode pad 310 which makes It pos- 
sible to connect to the outside is formed 
[0078] In the process far fabricating the device fomv 
5 ative layer 250, heat treatment is carried out after form- 
ing a material film containing hydrogen at least (a sem- 
iconductor film or a metal film) to diffuse the hydrogen 
contained in the material film. The heat treatment may 
be carried out at least 420*C. The heat treatment may 

10 be carried out separately from the process for fabricat- 
ing the device formative layer 250, or carried out simul- 
taneously for simplification of processes. For example, 
in case of fabricating an amorphous silicon film contain- 
ing hydrogen as a material film containing hydrogen by 

is sputtering and heating the amorphous silicon film to 
form a polysillcon film, hydrogen in the amorphous sill- 
con film can be diffused by the heat treatment at least 
500°C simultaneously with forming a polysillcon film by 
Lhe heat treatment. 

20 [0079] According to the heat treatment, the metal ox- 
ide layer 302 having a crystal structure is fabricated be- 
tween the metal layer 301 and the oxide layer 303. An 
amorphous metal oxide layer (tungsten oxide layer) with 
a thickness of from 2 to 5nm fabricated between the met- 

25 al layer 301 and the oxide layer 303 by stacking the met- 
al layer 301 and the oxide layer 303 is Included in the 
metal oxide layer 302 since the metal oxide layer (tung- 
sten oxide layer) is formed to have a crystal structure by 
this heat treatment. 

30 [0080] In this embodiment, the case that the metal ox- 
ide layer 302 is fabricated in the process for manufac- 
turing a part of a device formative layer Is explained, but 
not exclusively, the metal oxide layer 302 may be formed 
after forming the oxide layer 301 , end the oxide layer 

33 303 may be formed thereafter. 

[0081] Next, an organic resin layer 311 is fabricated 
over the device formative layer 250. As a material for 
fabricating the organic resin layer 311 , an organic ma- 
terial that is soluble in water or alcohol is used. The or- 

to ganlc resin Iayer31 1 is fabricated by coating the organic 
material over the wti ole surface and curing . The organic 
material may be composed of, for example, epoxy se- 
ries, aery »ate series, silicon series, or the like. SpecHl- 
cally, water-soluble resin (TOAGOSEI Co.. Ltd.: 

4* VL-WSHL10) Is spin-coated to have a thickness of 
30pjn, and exposed fortwo minutes to be partially cured, 
then, exposed Its back with UV rays for 2.5 minutes, and 
then, exposed its surface for 10 minutes to be fully 
cured. Consequently, the organic resin layer 311 is fab- 

SQ nested. 

[0082] The adhesiveness of the metal oxide layer 302 
te partly weakened in order to make It easier for layers 
to be separated. The partly wakening process of adhe- 
siveness is carried out by irradiating laser light on the 
53 region that is to be peeled-off of the metal layer 301 or 
the oxide layer 303 along with the periphery thereof, or 
pressuring locally from outside on the region that is to 
be separated along with the periphery thereof for dam- 
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aging a part of the inside or the boundary face of the 
oxide layer 303. Specifically, a hard needle such as a 
diamond pen may be attached perpendicular to the re- 
gion to be separated and moved along with the periph- 
ery thereof with applying loading. Preferably, a scriber s 
device can be used to move with applying loading on 
the region with press force ranging from 0.1 to 2mm. ft 
is important to carry out some processes for easy sep- 
arating, that is, to prepare for separating process. Such 
preparatory process for weakening selectively (partly) 10 
the adhesiveness will prevent poor separating and Im- 
prove the process yield. 

[0083] By fabricating a first adhesive layer 31 2, a sec- 
ond substrate 313 can be bonded to the organic resin 
layer 311 via the first adhesive layer 312. As a material 
for fabricating the first adhesive layer 312. a known ma- 
terial that Its adhesive can weaken by carry tng out a pre- 
defined treatment In the following process can be used, 
however, the case that a photosensitive two-side tape 
that its adhesiveness weaken due to light irradiation is so 
used in the following process win be described in this 
embodiment. 

[0084] The second adhesive layer 31 4 is also fabri- 
cated over the exposed surface of the first substrate 
300, The third substrate 31 5 is bonded thereto via the as 
second adhesive Iayer3l4. As a material for fabricating 
the second adhesive layer 314, a two-side tape is used 
same as the first adhesive layer 312. The third substrate 
315 prevents the first substrate 300 from damaging fn 
the following separating process. For the second sub- «*> 
strata 313 and the third substrate 31 5, the substrate that 
has higher rigidity than that of the first substrate 300, for 
example, a quartz substrate or a semiconductor sub- 
strate, is preferably to be used. 

[0085] The first substrate 300 provided with the metal ss 
film 301 is separated from the side of the region, which 
is partly weakened its adhesiveness, by a physical 
means. The metal layer 301 and the substrate 300 can 
be separated by splitting-off the metal oxide layer 302 
wfth comparatTvety small force (for example, man's *o 
hand, air pressure of gas sprayed from a nozzle, ultra- 
sonic waves, or the like). Specifically, the first substrate 
300 can be separated by splfttlng-ofT a tungsten oxide 
layer, an Interface between a tungsten oxide layer and 
a silicon oxide layer, or an interface between a tungsten ^ 
oxide layer and a tungsten film. Thus, the device form- 
ative layer 250 formed over the oxide layer 303 can be 
separated from the first substrate 300. Fig. 3C shows a 
state of after separating process. 

C0086] A portion of the metal oxide layer 302 is re- so 
malned over the surface exposed by separating. The re- 
mained metal oxide layer 302 may hinder the bond be- 
tween the exposed surface and the substrate or the like, 
so that the remained metal oxide layer 302 is preferably 
removed. For removing the remained metal oxide layer SB 
302, aqueous alkali such as.aqueous ammonia or aque- 
ous acids can bo used, in addftion , the following process 
may be carried out at the temperature (at most 430°C) 



which makes ft easier for the portion of the metal oxide 
layer 302 to be separated. 

[0087] Reference numeral 401 In Fig. 4A shows the 
state that is obtained by removing the remained metal 
oxide layer 302. In the following process, in case of fab- 
ricating another device formative layer over the device 
formative layer pasted to a thermal conductive sub- 
strate, this state of device formative layer (401 ) is used 
for the above described another device formative layer. 
[0088] Next, a third adhesive layer 316 Is fabricated, 
and a fourth substrate (a thermal conducive substrate) 
31 7 is bonded to the oxide layer 303 (and a device form- 
ative layer 250 etc.) via the third adhesive fayer 31 6 (Fig, 
4A). Note that It is important that the adhesiveness of 
the second substrate 313 and the organic resin layer 
311 bonded by the first adhesive layer 312 is greater 
man tnat of the oxide layer 303 (and the device formative 
layer 250 etc.) and the fourth substrate 31 7 bonded by 
the third adhesive layer 31 6. 

[0089] As a fourth substrate (a thermal conductive 
substrate) 317, a glass substrate, a quartz substrate, a 
ceramic substrate, a silicon substrate, a metal sub- 
strate, or a stainless substrata, or the like, can be used, 
ft is preferably to use a substrate having high thermal 
conductivity. Especially, It Is preferably to use a ceramic 
substrate that contains aluminum oxide (alumina), alu- 
minum nitride, aluminum nitride oxide, or silicon nitride 
as its main components. It Is necessary that wirings for 
connecting electrically to a device formative layer which 
is stacked afterward Is formed in the fourth substrate 
31 7. As a means of forming the wirings , a known means 
that is used In the field of LSI for forming wirings in the 
substrate (also referred to as a die) on which chip is 
pasted can be used, so that the explanation thereof will 
be omitted. 

[0090] A flattening film may be fabricated for prevent- 
ing the device destruction and interconnection destruc- 
tion in the device formative layer 250 due to irregularities 
of the surface of the fourth substrate 317 considering 
that the device formative layer according to the present 
invention is such a thin film having a thickness of at most 
SOym, 

[0091] As a material for the third adhesive layer 31 6, 
various curing adhestves such as a photo-curing adhe- 
sive, for example, a reaction -curing adhesive, a thermai- 
currng adhesive, ora UV-curing adhesive, or an anaer- 
obic adhesive can be used. More preferably, the curing 
adhesfves is given high thermal conductlvay by means 
of mixing powder comprising silver, nickel, aluminum, or 
aluminum nftrlde, or filler. 

[0092] Then, UV light Is Irradiated from the side of the 
second adhesive layer 313 in order to weak the adhe- 
siveness of the two-sided tape, eecondry, the second 
substrate 313 te separated form the device formative 
layer 250 etc (Rg. 48). And thirdly, the first adhesive 
iayer312 and the organic resin layer 311 are melted and 
removed by water washing the exposed surface. 
[0093] A thermal conductive layer 31 B is fabricated 
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over an Insulating film that is exposed its surface. The 
thermal conductive layer 31 a may be formed of a film of 
aluminum nitride, aluminum nitride oxide, diamond like 
carbon (DLC), orthe like by vapor film formation method 
such as sputtering, reactive sputtering, ton beam sput- 
tering, ECR (electron cyclotron resonance) sputtering, 
ionization vapor deposition, or the tike. 
[0094] Fig. 4C shows a state that is obtained by fab- 
ricating the thermal conductive layer 31 8. 
[OMS] Next, a fourth adhesive layer 319 is fabricated 
over the thermal conductive layer 316, Here, another 
device formative layer having a state of 401 obtained up 
through the process of Rg. 4A is bonded via the fourth 
adhesive Iayer31 9 (Fig. 5A>, In addition, another device 
formative layer having a state of 401 Is referred to as a 
second device formative layerSOl , andthe device form- 
ative layer that Is fabricate over the fourth substrate 31 7 
Js referred to as a first formative layer 502. 
[0096] An organic resin layer 320 t a fifth adhesive lay- 
er 321 , and the fifth substrate 322 ere fabricated over 
the second device formative layer 501 . bi the case of 
this embodiment, a device formative layer in an upper 
portion (SOI illustrated in Fig. SA) la necessary to be 
small in order not to cover an electrode pad of a device 
formative layer by forming the lamination structure. 
[0M71 Then, UV light is irradiated from the side of the 
fifth adhesive substrate 322 in order to weak the adhe- 
siveness of the two-sided tape used as the fifth adhesive 
layer 321 , and then, the fifth substrate 322 is separated 
form the second device formative layer 601 (Fig, SB). 
Further, the fifth adhesive layer 321 and the organic res- 
in layer 320 are mefted and removed by water washing 
the exposed su rf ace. 

[0098] Thus, a Structure in which the first device form- 
ative layer 502 and the second device formative layer 
501 ana stacked as shown in Rg. 5C can be formed. 
Within the structure s Pi own in Fig. 5C, electrode pads 
(323. 324) of each device formative layer and wirings 
(not shown) that are provided in advance with the fourth 
substrate 31 7 having thermal conductivity are connect- 
ed by a connection wire, and so the structure shown in 
Figs. 1 A to 1 C can be formed. The connection wire may 
be formed of Au, Cu, Al-Si, or Au alloys. 

Embodiment 2 

[0099] In this embodiment, a method for manufactur- 
ing a semiconductor chip according to the present In- 
vention that has a structure described In embodiment 
Mode 2 will be explained in detaH with reference to Figs. 
SA to BC. 

[01 00] Rg. 6A shows the state that the structure hav- 
ing a metal layer 601 , a metal oxide layer 602, an oxide 
layer 603, a device formative layer 604 including a plu- 
rality of TFTs or wiring, an organic resin layer 61 1 , a first 
adhesive layer 612. a second substrate 613, each of 
which Is fabricated over a first subsirete GOO is formed. 
In addition, a third substrate 615 is pasted on the first 
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substrate 600 via a second adhesive layer 614 which is 
in contact with the first substrate 600 is formed, and the 
metal oxide layer 602 between the metal layer 601 and 
the oxide layer 603 is split-off. This structure is formed 
5 by the same manner and the same material as that de- 
scribed in Embodiment 1 and will not be further ex- 
plained here, A portion of the metal oxide layer 602 is 
remained over the surface exposed by separating. The 
remained metal oxide layer 602 may hinder the bond 
to between the exposed surface andthe substrate or the 
like, so that the remained metal oxide layer 602 Is pref- 
erably removed. For removing the portion of the metal 
oxide layer 602, aqueous alkali such as aqueous am- 
monia or aqueous acids can be used. In addition, the 
*5 following process may be carried out at the temperature 
(at most 430°C) which makes it easiar for the remained 
metal oxide layer 602 to be separated. 
fOioi] After separating substrates and removing the 
remained a metal oxide layer 602, an opening portion 
20 606 for reaching to a wi ring 60S Is formed from the side 
of the oxide layer 603 exposed to the surface by pat- 
terning using masks formed by photolithography. 
[0102] Then, an auxiliary wiring Is provided with the 
opening portion 616 to form the structure shown in Fig. 
& SC. As a material for forming the wiring, an element se- 
lected from the group consisting of Ag, Au, Ta, W, 71, 
Mo, Al, orCu, or alloys or compounds containing these 
elements as their main components can be used. Ref- 
erence numeral 701 In Fig. 6C shows a state that is com- 
•so Dieted by forming an auxiliary wiring 6 1 7. In case of fab- 
ricating another device formative layer over the device 
formative layer pasted on the thermal conductive sub- 
strate in the following process, this state of device form- 
ative layer (701 ) is used for the above described another 
35 device formative layer. 

[0103] Next, a third adhesive layer (anisotropic con- 
ductive adhesive layer) 618 is fabricated, and a fourth 
substrate (thermal conductive substrate) 619 is bonded 
to the oxide layer 603 (and the device formative layer 
<o 604 etc) via the third adhesive layer 61 8 (Rg. 7A). Note 
that It is important that the adhesiveness of the second 
substrate 613 and the organic resin layer 611 bonded 
by the first adhesive layer 612 is greater than that of the 
oxide layer 603 (and the device formative layer 604 etc.) 
and the fourth substrate 61 9 bonded by the third adhe- 
sive layer 61 8. 

[0104] As a fourth substrate (a thermal conductive 
substrate) 619, a glass substrate, a quartz substrate, a 
ceramic substrate, a silicon substrate, a metal sub- 
so strate, or a stainless substrate, or the like, can be used . 
it is preferably to use a substrata having high thermal 
conductivity. Especially, it Is preferably to use a ceramic 
substrate that contains aluminum oxide (alumina), alu- 
minum nitride, aluminum nitride oxide, or silicon nftride 
55 as Its main components. It is necessary that wirings for 
connecting electrically to a device formative layer which 
is stacked afterward is formed in the fourth substrata 
61 9. As a means of forming the wirings, a known means 
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that is used in the field ol LSI for forming wirings in the 
substrate (also referred to as e die) on which chip is 
pasted can be used, so that the explanation thereof will 
be omitted. 

[0105] As a material for fabricating the third adhesive 
layer (anisotropic conductive adhesive layer) 618, ad- 
hesive which is made by dispersing an anisotropic con- 
ductive material on a photo-curing adhesive such as a 
reaction-curing adhesive, a thermal-curing adhesive, or 
a UV-eurmg adhesive, or an anaerobic adhesive can be 
used. As an anisotropic conductive material, metal par- 
tides such as Ag, Au, Al, or the like coated with insulat- 
ing films and having a unidirectional conductivity can be 
used. 

[0106] Then. UV light Is irradiated from ihe side of the 
second adhesive layer 613 In order to weak ihe adhe- 
siveness ol the two-sided tape, and then, tne second 
substrate 613-ls separated form the device formative 
layer 604 <Fig. 7B). Further, the first adhesive layer 612 
and the organic resin layer 611 is melted and removed 
by water washing the exposed surface. 
{0107] A thermal conductive layer 620 is fabricated 
over an exposed surface of an insulating film. The ther- 
mal conductive layer 820 may be formed of a film of afu- 
m in urn nitride, aluminum nitride oxide, diamond like car- 
bon (DLC), or the like by vapor film formation method 
such as sputtering, reactive sputtering, Ion beam sput- 
tering, ECR (electron cyclotron resonance) sputtering, 
ionization vapor deposition. 

[0108] Fig. 7C shows a stale that is obtained by fab- 
ricating the thermal conductive layer 620. 
{01 09] Next, a fourth adhesive layer 621 is fabricated 
over the thermal conductive layer 620 shown in Fig. 7C. 
Here, another device formative layer having a state of 
701 obtained up through the process of Fig. 6C is bond- 
ed thereto via the fourth adhesive layer 621 (Fig. 8A). 
In addition, another device formative layer having a 
state of 701 is referred to as a second device formative 
layer 001 , and the device formative layer that is fabri- 
cated over the -fourth substrate 619 is referred to as a 
first formauVe layer 802. 

[01 1 0J An organic resin layer 622, a fifth adhesive lay- 
er 623, and a fifth substrate 624 are fabricated over the 
second device formative layer 801 . In the case of this 
embodiment, an electrode pad of a device formative lay- 
er is not used for connecting electrically as described in 
Embodiment 1. the wiring 605 of the first device forma- 
tive layer 601 and an auxiliary wiring 625 of the second 
device formative layer 801 are electrically connected 
each other via the fourth adhesive layer (anisotropic 
conductive adhesive layer) 621 , so that it is no problem 
that the sizes of each device formative layer are otff erent 
from each other 

{01 1 1 ] Tften, UV light is irradiated in order to weak the 
adhesiveness of the two-sided tape used for the fifth ad- 
hesive layer 623 from the side of the fifth adhesive layer 
624. and then, the fifth substrate 624 is separated from 
th a second device formative layer 601 (Fig. 8B>. Further. 



to 



the fifth adhesive layer 623 and the organic resin layer 
622 are melted and removed by water washing the ex- 
posed surface. 

[01 12] Thus, a structure in which the first device form- 
ative layer 802 and the second device formative layer 
801 are stacked can be formed as shown in Fig. ec In 
this embodiment, the case that a semiconductor cttp 
shown in Fig. AC is formed by removing the organic re sin 
layer, the fifth adhesive layer 623, and the fifth substrate 
624 through the process shown In Fig. 6A is explain >d 
but not exclusively, the structure obtained by bond ng 
as shown in Fig. 8A can be used as a semiconductor 
chip. 



is Embodiment 3 



[0113] In this embodiment, the structure of a semtairv 
doctor chip that has a different structure described in 
Embodiment 1 or 2 will be described with reference to 
Figs. 17A to 18B. The structure according to thte e n- 
bodlment Is formed by slacking a pfuralrry of devise 
formative layers and bonding a device formative lay er 
which is fabricated at the vary end to a thermal cendi c 
tive substrate. Such structure is different from the stn. c- 
ture described in Embodiment 1 or 2 which Is formed ly 
bonding a first device formation layer to a thermal cc n- 
ductive layer and stacking a plurality of device f ormatiye 
layers sequentially* 
(0114] As shown in Fig. 17A, a first device formative 
layer 1 902 is fabricated over a first substrate 1 800. Fi in 
flier, a second substrate 1815 is bonded to the flrstsufc 
strata 1800 via a second adhesive layer 1814. 
[0115] In this embodiment, the first substrate iBojo 
the second adhesive layer 1814, and a second suj- 
strate 1 81 5 Is not separated by splrtting-off a meter ox4 
layer 1 802 at this point. A thermal conductive film 1 820 
is fabricated over a first device formation layer 1 902 n ot 
to cover a wiring 1 805 . The thermal conductive film 1 81 K) 
may be fabricated by using the same material and the 
same manner as the thermal conductive layer 620 in 
Embodiment 2. 

[0116] A first adhesive layer 1821 te fabricated o\ 
the first device formative layer 1902 on which the ther- 
mal conductive film 1 B20 is fabricated, and a second d 
vice formative layer 1 901 Is bonded thereto, in addltlo i 
the first adhesive layer 1821 Is an anisotropic conduc 
tive adhesive layer formed of an anisotropic conductive 
adhesive. 

[0117] The device formative layer 1902, which is 
bonded here, has the same structure of the second d 
vice formative layer 801 shown in Fig. 8A in Embo< I 
ment 2. Thus, the device formative layer 1902 has m 
auxiliary wiring 1825 connected electrically to the wr- 
ings fabricated in the second device formative lay jr 
1 901 , a third adhesive layer 1 823, and a third subetra e 
1824. In addition, the auxiliary wiring 1825 Is connected 
electrical ry to the wiring 1 805 in the device formative ISf*- 
er 1902 via the first adhesive layer 1 621 . 
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[011fi] After bonding the first device formative layer 
1 902 to the second device formative layer 1 dOl , UV fight 
is irradiated from the srde of the third substrate 1 824 in 
order to weak the adhesiveness of the two-sided tape 
used as the third adhesive layer 1823, secondly, the 
third substrate 1 824 is separated form the second de- 
vice formative layer 1 90 1 . And thirdly, the third adhesive 
layer 1 823 and the organic resin layer 1 822 are melted 
and removed by water washing the exposed surface. 
[011 9] A bump 1 826 is formed over the surface of the 
second device formative layer 1901 In contact with the 
exposed wiring, and a fourth substrate 1827 having ther- 
mal conductivity is bended thereto via a fourth adhesive 
layer 1828 formed of an anisotropic adhesive. As a ma- 
terial for forming the bump iS2fi, tungsten <W), tung- 
sten-rhenium (W~Re), palladium (Pd), beryllium copper 
(BeCu), or the like can be used. 
[01201 As a fourth substrate 1327, a glass substrate, 
a quartz substrate, a ceramic substrate, a silicon sub- 
strate, a metal substrate, or a stainless substrate, or the 
like, can be used. It Is preferably to use a thermal sub- 
strate having high thermal conductivity. Especially, it is 
preferably to use a ceramic substrate that contains alu- 
minum oxide (alumina), aluminum nitride, aluminum ni- 
tride oxide, or silicon nitride as its main components. A 
wiring for electrical connections via the wirings of the 
second device formative layer 1 901 and the bump 1 826 
is necessary to be formed. As a means of forming the 
wirings, a known means that is used In the field of LSI 
for forming wirings in the substrate (also referred to as 
a die) on which chip Is pasted can be used, so that the 
explanation thereof will be omitted. Fig. 17B shows the 
state that the lamination structure of a device formation 
layer shown in Fig. 1 7 A is reversed. 
[01 21] The first substrate 1 800, the second adhesive 
layer 1 81 4, and the second substrate 1 815 are separat- 
ed by spntting-off the metal oxide layer 1B02 between 
the metal layer 1801 and the oxide layer 1803 by the 
same way described with reference to Fig, 6A in Em- 
bodiment 2. 

[0122] In this embodiment, the metal oxide layer 1 802 
remained over the second device formative layer 1901 
is removed by using aqueous alkali such as aqueous 
ammonia or aqueous acids. This removing treatment 
may be carried out according to need. 
[0123] Thus, a structure, which is different from that 
described in Embodiment 1 or 2, in which the second 
device formative layer 1902 and the second device 
formative layer 1 901 are stacked over a thermal con- 
ductive substrate (the fourth substrate 1827) can be 
formed as shown in Fig. 18B. 

Embodiment 4 

[0124] In this embodiment, a specific structure in 
which a device co mp osed of TFTe included in a plurality 
of device formative layers stacked over a thermal con- 
ductive layer can be electrically connected to the outside 



via a wiring formed in a thermal conductive layer and 
solder bails 910 and 920 within a semiconductor chip 
according to the present invention comprising a plurality 
of device formative layers over a thermal conductive 

5 substrate will be described with reference to Figs. 9A 
and 9B. Fig. 9A shows a structure of the semiconductor 
chip described in Embodiment Mode 1 . Rg. 9B shows 
a structure of the semiconductor chip described in Em- 
bodiment Mode 2. 

10 [01 25] Fig. 9 A shows a semiconductor chip having an 
interconnection structure of wire bonding. An electrode 
pad 91 1 connected electrically to a wiring of each device 
formative layer 901 is connected electrically to a thermal 
conductive substrate 90S by a connection wire 909 in 

*5 the semiconductor chip. The device formative layer 901 
is formed by the same way described in Embodiment 1 . 
[0126J A wiring 907, wnfch penetrates the substrate, 
Is formed rn the opening portion of the thermal conduc- 
tive substrate 906. An insulating layer 908 Is fabricated 

so over the both surface of the thermal conductive sub- 
strate with leaving a part of these wirings 907. 
[01 27] The wiring 907, which is not covered by the in- 
sulating layer 908, is connected electrically to the elec- 
trode pad 901 of each device formative layer via the eon- 

2$ nection wire 909. The solder bail 910 is formed over the 
face of the thermal conductive layer 906 which is not 
bonded with the device formative layer 911 . 
[0128] Electrical Interoon nection can be obtained by 
pasting the semiconductor chip shown in Fig. 9A on a 

30 wiring board (printed wiring board) with aligning so as 
the wirings on the wiring board to be in contact with the 
solder ball 910. 

[0129] The semiconductor chip shown in Fig. 9B has 
an interconnection structure of flip chip. A wiring and an 

35 auxiliary wiring of each device formative layer 931 are 
electrically connected each other by an anisotropic con- 
ductive adhesive layer. In the device formative layer 931 
described in this embodiment, a plurality of wirings are 
leaded out by a leading out wiring 921 , a bump 928 Is 

40 formed In contact with the leading out wiring 921 . and 
the bump 92B is electrically connected to the wiring 917 
via an anisotropic conductive adhesive layer 915 as 
shown in the bottom side of Fig. 9B, which is an enlarged 
view of 923 in the upper side Of Fig. 9B. This structure 

45 ts different from that described in Embodiment 2. 

[0130] AS a material for fabricating the anisotropic 
conductive adhesive layer 91 5, the same material for 
the anisotropic conductive adhesive layer in Embodi- 
ment 2 can be used. That is. the anisotropic conductive 

£0 adhesive layer 91 5 is formed of an anisotropic conduc- 
tive panicle 925 made of metal particles euch as Ag t Au, 
Al, or the Cke coated with insulating films and having a 
unidirectional conductivity and an adhesive 924 such as 
a photo-curing adhesive, for example, a reaction-curing 

55 adhesive, a thermal-curing adhesive, or a UV-curing ad- 
hesive, or an anaerobic adhesive. The bump 928 and 
the wiring 917 can be electrically "connected via aniso- 
tropic conductive particle 925. 
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[0131] Over a thermal conductive substrata »16 on 
which a device formative layer is stacked, a solder ball 
920 formedof a conductive material is formed in contact 
with me wiring 91 7 penetrating the substrate and the In- 
sulator 918 is formed in ihe opening portion as in the 5 
case of Fig. 9A. 

[0132] Electrical interconnection can be obtained by 
pasting the semiconductor chip shown in Fig. 9B on a 
wiring substrate (printed wiring board) with aligning so 
as the wirings on the wiring substrate to be in contact to 
with the solder ball 920. 



Embodiment 6 

[0133] An operation and a structure of a chip pasted is 
over a thermal conductive substrate In case that the chip 
has a function as a CPU will be described with reference 
to Fig. io in this embodiment. 

[0134] When an opcode is inputted to an interface 
1 001 , the coda is decrypted fn an a nary sis unit 1 003 (aJ- 
so referred to as an Instruction Decoder), and a signal 
is inputted to a control signal generation unft 1004 (a 
CPU Timing Control). Upon inputting the signal, a con- 
trol signal Is Outputted from the control signal generation 
unit 1004 to an arithmetic loglcaJ unit 1009 (hereinafter ss 
an ALU) and a register unil 1010 (hereinafter, a Reqfs- 
ter). 

[013S] The control signal generation unit 1004 com- 
prises an ALU controller 1006 for controlling the ALU 
1009 (hereinafter. ACON). a unit 1 0OS lor controlling the *> 
Register 1010 (hereinafter, a RCON) , a timing control- 
ler 1 007 forcontrolling timing (hereinafter, a TCON), and 
an Interruption controller 1003 for controlling Interrup- 
tion (hereinafter, an ICON). 

[0136] On the other hand, when an operand Is Input- 95 
ted to the Interface 1 ooi , the operand Is outputted to the 
ALU 1009 and the Re&ister 1010. Then, a processing 
such as a memory read cycle, a memory write cycle, an 
I/O read cycle, an I/O write cycle, or the like, based on 
a control signal, which is inputted from the control signal *o 
generation unit 1 004. Is carried out. 
[0137] The Register 1010 is composed of a general 
reslster. a stack pointer (SP), a program counter (PC) 
or the like. '* 
[0138] An address controller 1011 (hereinafter 45 
ADRC) outputs ie bits address. 
[0139] A structure of CPU described in this embodi- 
ment is illustrative only as a CPU included in the semi- 
conductor chip according to the present invention and 
does not limit the structure of the present invention, so 
"Therefore the semiconductor chip according to the 
present invention can be completed by using a known 
CPU with tho structure other than that of the present In- 
vention. 

Embodiment 6 ? 
[0140] The structure of a semiconductor chip in which 



a CPU and a light-emitting device are stacked wui be 
described with reference to a croes-secflonai structure 
in Fig. 11. A first device formative layer 11 02 fabricated 
over a thermal conductive layer 1101 comprises a CPU 
A second device formative layer 1 1 03 comprises a light- 
emitting apparatus. And these layers are connected 
each other by a connection wire 1 104. 
[0141] The CPU Included In the first device formative 
layer 1 1 02 can adopt the structure described In Embod - 
iment 4 and will not be further explained. 
[0142] The light-emitting apparatus Included in the 
second device formative layer 1103 is composed of a 
drive circuit portion 1107 (a source side drive circuit or 
a gate side drive circuit) formed of a CMOS circuit which 
is a combination of n-channel TFTs 11 05 and p-channel 
TFTs 1 1 06, and a p beef portion 11 OB. 
[0143] in addition, a TFT for forming a drive circuit 
may be formed of a known CMOS circuit. PMOS circuit, 
or NMOS circuit. A driver integrated type formed by 
forming a drive circuit portion and a pixel portion over 
one device formative layer is described Jn this embodi- 
ment, but not exclusively, the drive circuit portion may 
be stacked over another device formative layer 
[0144] The pixel portion 11 OS Is composed of a plu- 
rality of pixels including a switching TFT 11 H , a current 
control TFT 111 2,. and a first electrode 1113 connected 
electrically to the drain of the current control TFT 1112. 
An insulator 11 14 Is formed to cover the edge portion of 
the first electrode 1113. 

[□145] An electroluminescent device 1117 is com- 
posed of a first electrode 1 11 3, a second electrode 1110, 
and an electroluminescent layer 11 15 which is inter- 
posed between these electrodes. As a material for form- 
ing the first electrode 1 1 1 3, a material having large work 
function is preferably used. For example, a single layer 
such as a titanium nitride film, a chrome film, a tungsten 
film, a Zn film, or Pt film; a lamination layer of a titanium 
nitride film and a fihi containing aluminum as its main 
components; or a three lamination layer of a titanium 
nitride film, a film containing aluminum as its main com- 
ponents, and a tftanium nitride film, are useful. By form- 
ing the first electrode to have a lamination structure, re- 
s istance as a wiring can be low, good properties of ohm- 
ic contact can be obtained, and the first electrode can 
serve as an anode. 

fpi 46] The electroluminescent layer 1 1 1 5 can be fab- 
ricated by vapor deposition using an evaporation mask 
or ink-Jetting. 

[0147] As a material for the second electrode (cath- 
ode) 1118 formed over the electroluminescent layer 
1115, a small work function material (Al, Ag, Li, Ca. or 
alloy of these materials such as MgAg, Mgln, AfLI. CaF 2 , 
or CaM) Is useful. Here, the second electrode (cathode) 
1116 is formed of a lamination of a thin metal film, a 
transparent conductive film (IncSunvtln-oxide (ITO), in- 
dium oxfde-zinc oxide Qn 2 O^ZnO) t zinc oxide (ZnO), or 
the like) in order light to pass through the second elec- 
trode. 
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[01 48] Thus, tha second device formative layer 1 1 03 
including a light-emlttlng device is stacked over the first 
device formative layer 11 02 including a CPU. and these 
two layers are connected each other by the electrode 
pad 1119 using the connection wire 1104, then, these 
two layers are encapsulated by a resin 1120. J n addition, 
a material for the resin 1124, a thermosetting resin or a 
thermoplastic resin can be used. Specifically, a meld 
resin such as an epoxy resin, a silicon resin, a PPS resin 
(polyphenylene sulfide resin), or the like can be used, 
[0149] Though not shown in the figure, wirings that 
are connected to the first device formative layer 1102 
and the second device formative layer 1103 are provid- 
ed with Ihe thermal conductive substrate 1101 . In addi- 
tion, the thermal conductive substrate can connect to 
the outside via a solder ball 1121 which is connected to 
the wiring. 

Embodiment 7 

[01 50] Embodiments Of the present invention will be 
d ascribed with reference to Figs. 12A to 13D. Hereinaf- 
ter, a method for fabricating simultaneously an n -chan- 
nel TFT and ap-ehannei tft over one substrate will be 
described in detail. 

[01 51] A quartz substrate, a semiconductor substrate, 
a ceramic substrate, a metal substrate, or the Bke , may 
be used as a substrate 1200. In this embocBmem, a 
glass substrate (#1737) is used for the substrate 1200. 
First, a silicon oxynltrfde layer is fabricated to have a 
thickness of 100nm over the substrate 1200 by PCVD 
as a nitride layer 1201 . 

[0152] Subsequently, a tungsten layer is fabricated to 
have a thickness of SOnm by sputtering as a metal layer 
1202, and a silicon oxide layer is fabricated to have a 
thickness of 200nm continuously by sputtering as an ox- 
ide layer 1203 without being exposed to the atmos- 
phere. The silicon oxide layer is fabricated under the 
condition, that Is, using a RF sputtering device; using a 
siEcon target (diameter Is 30.5); flowing a heated argon 
gas at a flow rate of 20sccm tor heating the substrate; 
setting Ihe substrate temperature at 270*C; the pres- 
sure of film formation of 0.4Pa; the electric power of 
3kW; and argon flow rate/oxygen flow rate = losccrrv 
30sccm. 

[01 53] Subsequently, the tungsten layer at periphery 
or edges of the substrate is removed by 0 2 ashing. 
[0154] Next, a silicon oxynitride film fabricated of SiH 4 
and N^O as material gases (composition ratio: Sfc*32%, 
0=59%, N»7%, H«2%) Is stacked as a base insulating 
film 1204 to have a thickness of 100rtm et deposition 
temperature of 300° C by plasma CVO. Further, a sem- 
iconductor layer having an amorphous configuration 
(hare, an amorphous silicon film) Is fabricated to have 
a thickness of 54nm without exposure to the atmos- 
phere using SiH4 as deposition gas and at deposition 
temperature of 300*C by plasma CVO. This amorphous 
sin con film contains hydrogen, the hydrogen will be dif- 
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fused by a subsequent heat treatment, and the amor- 
phous silicon film can be separated by apHttlno-off the 
oxide layer or the interface of the o*ide layer by a phys- 
ical means. 

s [0155] Then, nickel acetate salt solution containing 
nickel of 10ppm In weight is coated using a spinner, In- 
stead of the coating, a method for spraying nickel ele- 
ments to the entire surface by sputtering may also be 
used. Then, heal treatment Is carried out for crystallize- 

w tion to fabricate a semiconductor Urn having a crystal- 
line configuration (here, a poly silicon layer Is fabricat- 
ed). Here, after carrying out the heat treatment (500*C 
for 1 hour) for dehydrogenatton, and the heat treatment 
(550°C for 4 hours) for crystallization is carried out and 

« then, a silicon film having a crystalline configuration is 
fabricated. Also, the heat treatment (500'C for 1 hour) 
for dehydrogenation serves as diffusing the hydrogen 
contained in the amorphous silicon layer into an Inter- 
face between the tungsten film and silicon oxide layer. 

so Also note that, although a crystallization technique using 
nickel as a metal element that promotes crystallization 
of silicon is used here, other known crystallization tech- 
niques, for example, a solid-phase growth method or a 
laser crystallization method, may be used. 

2s P>1 66] Next, after the oxide f Mm on the surface of the 
silicon film having a crystalline configuration is removed 
by dilute hydrofluoric acid or the like, laser beam (XeCI: 
wavelength of 308nm) is irradiated for raising a crystal- 
lization rate and repairing defects remaining in crystal 

so grains In the atmosphere or in the presence of oxygen. 
Excimer laser beam with a wavelength of at most 
400nm 1 or second harmonic wave or third harmonic 
wave of a YAQ laser is used as the laser beam. In any 
case, pulse laser beam with a repetition frequency of 

3s approximately from 1 0 to 1 000Hz te used, the pulse la- 
ser beam is condensed to from 1 00 to 600mJ/cm 2 by an 
optical system, and irradiation is performed with an 
overlap ratio of from 80 to 85%. whereby the silicon film 
surface may be scanned. Here, laser beam Is irradiated 

40 in the atmosphere with a repetition frequency of 30Hz 
and energy density of 470 mJ/cm 2 . 
[0157] Note that an oxide film Is fabricated over the 
surface since laser beam Is irradiated in the atmosphere 
or in the presence of oxygen. Though an example of ue- 

43 ing the pulse laser is shown here, the continuous oscl I- 
lation laser may also be used. When a crystallization of 
an amorphous semiconductor film is carried out. It is 
preferable that the second harmonic through the fourth 
harmonic of basic waves are applied by using the solid 

so state laser which is capable of continuous oscillation in 
order to obtain a crystal in large grain size. Typically, tt 
is preferable that the second harmonic (with a thickness 
of 532 nm) or the third harmonic (with a thickness of 
355nm) of an Nd: YV0 4 laser (basic wave of 1064nm) 

55 may be applied. Specifically, laser beams emitted from 
the continuous oscillation type YV0 4 laser w8h 10 W out- 
put is converted into a harmonic by using the non-linear 
optical elements. Also, a method for emitting a harmonic 
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by applying crystal nf YV0 4 and the nonlinear optical 
elements Into a resonator can bo appb'ed. Then, more 
preferably, the laser beams are formed to have a rec- 
tangular shape or an elliptical shape by an optical sys- 
tem and a substance is exposed to rhe laser beam. At 5 
this time, the energy density of approximately from O.oi 
to 100MW/cm2 (preferably, from 0.1 to 10MW/cm*) is 
required. The semiconductor film is moved at approxi- 
mately from 1 0 to 2O00cm/s rate relatively correspond- 
ing to the laser beams so as to be exposed to the laser to 
beam. 

[0158] in addition to the oxide film fabricated by this 
laser beam Irradiation, a barrier layer to fabricated of the 
oxide film by treating the surface of the oxide film with 
o*one water for 1 20 seconds to have a thickness of from *s 
1 to 5nm in total. Though the barrier layer is fabricated 
by using ozone water here, another method such as ul- 
traviolet light irradiation in the presence of oxygen orox- 
fde plasma treatment for oxidizing the surface of the 
semiconductor film having the crystal structure may be « 
used, in addition, as another method for fabricating the 
barrier layer, an oxide film havfng a thickness of approx- 
imately from 1 to 10nm may be deposited by plasma 
CVD f sputtering, vapor deposition, or the like. Further, 
prior to fabricating the barrier layer, the oxide film fabrf- 2S 
cated by laser beam irradiation may be removed. 
[0159] Over the barrier layer, an arnoiphous silicon 
fllm containing argon elements, which serve as a get- 
teringsfte.fefabrkatedbysputteringto have a thickness 
of from 10 to 400nm. hem. 1 ODnm, in this embodiment. 30 
an amorphous silicon film containing argon rs formed 
under the atmosphere containing argon with using a sil- 
icon target In case of fabricating an amorphous silicon 
film containing argon elements by plasma CVD, it rs 
formed under the condition, that is, a flow ratio of mon- & 
osilane to argon is controlled to be 1/99; a pressure dur- 
ing deposition to be ff665Pa (o.OS Tbrr); a RF power 
density during deposition to be O.OBTW/cm*; and a dep- 
osition temperature to be 350*C. 

[0160] Then, an oven heated at 650* C is used for heat *o 
treatment for 3 minutes tor g ottering to lower the nickel 
concentration in the semiconductor film having a crystal 
structure. A lamp annealing apparatus may be used in- 
stead of the oven. 

[01 61] Subsequently, the amorphous silicon film con- 
taming argon elements, which serve as a gettenng site, 
is selectively removed using the barrier layer as an etch- 
ing stopper, and then, the barrier layer is selectively re- 
moved by dilute hydrofluoric add. Note that there is a 
tendency that nickel moves toward a region with a high so 
oxygen concentration during gettenng, and thus. It is des 
suable that the barrier layer fabricated of the oxide fllm 
is removed after gettertng. 

[0162] Then, after a thin oxide film is f abneated by us- 
ing o*one water on the surface of the obtained silicon ss 
film having a crystal structure (also referred to as a poly- 
sIScon film), and a mask formed of resl&i is formed, then 
island-lfce semiconductor layers 1205 and 1206 Isolat- 



ed in island shapes are fabricated by etching to have 
desired shapes. After fabricating the semiconductor lay^ 
ers 1205 and 1208, the mask formed of resist is re- 
moved. 

[0163] Through the above processes, a nitride layer 
1201. a metal layer 1202, an oxide layer 1203, and a 
base insulating film 1204 are fabricated on a substrate 
1200, and a semiconductor film having a crystal struc- 
ture Is fabricated, then, semiconductor layers 1205 and 
1206 isolated in Island shapes are fabricated by etching 
to have desired shapes. 

[01 64] Then, the oxide film is removed with the etch- 
ant containing hydrofluoric acid, and at the same time, 
the surface of the siRcon film is cleaned. Thereafter, an 
Insulating film containing silicon as Ms main compo- 
nents, which serves as a gate Insulating film 1207, is 
fabricated. In this embodiment, a silicon oxynitride film 
(composition ratio: SI=3Z%, 0=59%, N=7%, H=2%) is 
fabricated with a thickness of 116nm by plasma CVD 
(Fig. 12B). , 

[0165] Next, a first conductive film 508 with a thick- 
ness of from 20 to 100nm and a second conductive film 
1 209 with a thickness of from 1 00 to 400nm are stacked 
over the gate insulating film 1207. In this embodiment, 
tantalum nitride film with a thickness of 50nm and a tung- 
sten film with a thickness of 370nm are sequentially 
stacked over the gate insulating film 1 207. 
p166] As aconductlve material for fabricating the first 
conductive film 1208 and the second conductive film 
1209, an element selected from the group consisting of 
Ta. W. Tl, Mo. Al and Cu, or an alloy material or a com- 
pound material containing the above elements as its 
main components Is used. Further, as a first conductive 
film 1208 and a second conductive film 1209, a semi- 
conductor film as typified by a pofycrysta! silicon film 
added wfth an impurity element such as phosphorous, 
or an AgPdCu alloy may be used. Further, the present 
Invention Is not limited to a two-layer structure. For ex- 
ample, a three-layer structure may be adopted In which 
a tungsten film having a thickness of 50nm f an alloy film 
of aluminum and silicon (Af-Si) having a thickness of 
SOOnm, and a titanium r\itn<M} film having a thickness of 
30nm are sequentially stacked. Moreover, In case of a 
three-layer structure, tungsten nitride may be used in- 
stead of tungsten of the first conductive film, an alloy 
film of aluminum and titanium (Al-77) may be used In- 
stead or the alloy nim of aluminum and smcon (Al-Si) of 
the second conductive film, and a titanium film may be 
used instead of the titanium nitride film of the third con- 
ductive fitn. In addition, a single layer structure may also 
be adopted. 

[0167] Next, resist masks 1210, 1211 are formed in a 
tight exposure process as shown In Rg. 12C. Then, a 
first etching treatment is carried out for forming gate 
electrodes and wirings. The first etching treatment is 
carried out under first and second etching conditions. 
ICP (Inductively coupled plasma) etching is preferably 
used. The films can be etched to have desired taper 
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Shapes by using ICP etching and suitably sdjusling the 
etching conditions such as the amount of power applied 
to a coiled electrode, the amount of power applied to an 
electrode on the substrate side, the temperature of the 
electrode on the substrate side, etc. As etching gas, s 
chlorin e-based gas as typified by Cl 2 . BCI^ SrCI 4 , or 
CCU. fluorine-based gas as typified by CF 4f SF 6 , or N F a , 
or 0 2 can be appropriately used. 
[0168] In this embodiment, RF (13,56MHz) power of 
1 50 W is applied also to the substrate (sample stage) to w 
substantially a^piy a negative self-bias voltage. The 
electrode area to the substrate side is 12.5cm x 
12 5cm. and the coQ-shape electrode area (quartz disc 
formed coil is described here) Is 25cm diameter disc. 
The W flfrn Is etched so as to form trie edge portions of * s 
the first conductive layer in a taper shape under the first 
etching conditions. An etching rate to w is 200.39nnv 
mln r an etching rate to TaN is eo^nrn/mln, and the se- 
lective etching ratio of W to TaN Is approximately 2.5 
under the first etching conditions. Further, a taper angle so 
of W becomes approximately 26* under the first etching 
conditions. Thereafter, the first etching conditions are 
changed to the second etching conditions without re- 
moving the masks 1210, 1211 formed of resist, CF* and 
Clj are used as etching gases, the flow rate of fh& gas 23 
is set to 30/30sccm, and RF (13.56MHz) power of 500W 
is applied to a coil-shape electrode with a pressure of 
1 Pa to generate plasma, thereby performing etching for 
about 30 seconds. RF (1 3-56MHZ) power of 20W Is also 
applied to the substrate side (sample stage) to substan- so 
tlally apply a negative self-bias voltage. Both the W film 
and the TaN film are etched at the same level under the 
second etching conditions in which CF 4 and Cfe are 
mixed. An etching rate to W is 58.97nm/min, and an 
etching rate to TaN Is 66.43rtm/min under the second 35 
etching conditions. Note that an etching time may be in- 
creased approximate t/to from 1 o to 20% in orderto etch 
without leaving residue over the gate insulating film. 
[0169] In the first etching treatment as described 
above, the shape of the mask formed of resist is formed 40 
into an appropriate shape whereby each the edge por- 
tion of the first conductive layer and the edge portion of 
the second conductive layer te fabricated to have a ta- 
pered shape due to the effect of bias voltage applied to 
the s ubstrate side. The angle of the tapered portion may 45 
be aet ranging from 15 to 4S<\ 

10170] Thus, first shape conductive layers 1212 and 
1 21 3 composed of the first conductive layer a nd the sec- 
ond conductive layer (first conductive layers 1212a and 
1213a and second conductive layers 1212b and 1213b) so 
are fabricated by the first etching treatment as shown in 
Fig. 12C. According to this, the insulating film 1207 thet 
Is not covered by the first shape conductive layers 1212 
and 1213 Is etched by approximately from 10 to 20nm 
to be thin and fabricated into a gate insulating film 1 207. ss 
[01 71 ] Next, a second etching treatment Is carried oujt 
for 25 seconds without removing the masks formed of 
resist under the conditions, that is. SF €# and Og are 



used as etching gas; the flow rate of the gas is set to 
24/12/24sccrn; and 8F (13.56MHz) power of 700W Is 
applied to a coil-shape electrode with pressure of 1 >3P& 
to generate plasma, RF (13.56MHz) power of 10W is 
also applied to the substrate side (sample stage) to sub- 
stantially apply a negative self-bias voltage. In the sec- 
ond etching treatment, an etching rate to W is 227.3nnV 
min, an etching rate to TaN is 32.1nm/min, a selection 
ratio of W to TaN is 7.1 , an etching rate to SiON, which 
serves as the insulating film 1211, Is 33.7nnvmin, and 
a selection ration of W to SiON is 6.63. In case where 
SF 6 is used as an etching gas, the selection ratio with 
respect to the insulating trim 1211 Is high as described 
above. Thus, reduction in the film thictoess can be sup- 
pressed. In this embodiment, the film thickness of the 
Insulating film 1207 is reduced by only approximately 
6nm. 

[01 72] Through the second etching treatment, the ta- 
per angle of W can be formed into 70° . Through the sec- 
ond etching treatment, second conductfve layers 1214b 
and 1215b are fabricated. On the other hand, the first 
conductive layers 1212a and 1213a are hardly etched 
and fabricated Into first conductive layers 1 214a, 1 21 Sa. 
Note that the first conductive layers 1 21 4a, 1 21 5a have 
substantially the same sizes as those of the first con- 
ductive layers 1212a, 1213a. In actuality, the width of 
the first conductive layer may be reduced by approxi- 
mately 0.3pm, namely, approximately 0.6um in total, in 
comparison with the first conductive layer prior to being 
applied with the second etching treatment There is al- 
most no change In size of the first conductive layer. 
Thus, second shape conductive layers 1214 and 1215 
composed of the first conductive layer and the second 
conductive layer (first conductive layers 1214a and 
1 21 5a and second conductive layers 1 2 1 4b and 1 21 5b) 
are fabricated. 

[0173] Further, instead of the two-layer structure, in 
case that the three-layer structure Is adopted in which 
a tungsten film with a thickness of 50 nm, an alloy film of 
aluminum and silicon (AHS!) with a thickness of SOOnm, 
and a titanium nitride film with a thickness of 30nm are 
sequentially stacked, the first etching treatment may be 
carried out for 1 17 seconds under the conditions, that 
is, BCI3, Cfg and O a are used as raw material gases; the 
flow rate of the gases are set to 65/10/5 (seem); RF 
(13.56MHz) power of 300W (s applied to the substrate 
side (sample stage); and RF (13.56MHz) power Of 
4 SOW is applied to a coil-shape electrode with a pres- 
sure of 1.2 Pa to generate plasma. As to the second 
etching conditions in the first etching treatment that ls r 
CF 4 , Clg and 0 2 are used; the flow rage of the gases Is 
set to 25/25/1 Ooccrn; RF (13.56MHz) power of 20W Is 
also applied to the substrate side (sample stage); and 
R F (1 3.56MHz) power of SCOW is applied to acolt-s nape 
electrode with a pressure of 1 Pa to generate plasma. 
The first etching treatment may be carried out for ap- 
proximfiteJy 30 seconds under the second etching con 
anions. The second etching treatment may be carried 
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out under the conditions, that Is, BCfe and Cl 2 are used- 
the fk>w rate of ihe pases are set to 20/S0sccm- RF 
(13.56MHz) power of 100W is applied to the substrate 
side (sample stage); and RF (13.56MHz) power of 
6oow is applied to a coil-shape electrode with a pres- s 
sure of 1 .2Pa to generate plasma. 
P" 74] Next, the masks formed of resist are removed, 
and a fiist doping process is carried out to obtain the 
state of Fig. 13A. The doping process may be carried 
out by ion doping or ton fmplantation. Ion doping car- to 
rled out under the conditions of a dosage of i .5 x 10 14 
atoms/cm* and an accelerating voltage of from 60 to 
1 0OkV. As an knpurity element imparting n-rype conduc- 
tivity, phosphorous (P) or arsenic (As) is typically used 
In such a case, second shape conductive layers 1214 is 
1215 serve as masks against the impurity elements im- 
parting n-type conductivity, and first impurity regions 
1216, 1217 are formed In a self-aligning manner. The 
impurity element imparting n-type conductivity is added 
to the first impurity regions 1216, 1217 In a concentre- *° 
tion range of from 1 x 10 1S to 1 x I0 17 /cm*. Here, the 
region having the same concentration range as the first 
rmpurtry rogton is also referred to as an rr region 
101 75) Note that although the first doping process Is 
carried out after removing the masks formed of resist in *s 
this embodiment, the first doping process may be carl 
ned out without removing the masks formed of resist 
10176] Subsequently, as shown in Rg. 13B, a mask 
121 B formed of resist Is formed, and a second doping 
process is carried out. Themask 1218 protects a chen^ 30 
nel forming region and the periphery thereof of a semi- 
conductor layer forming p-channei TFTs. 
[0177] The second doping process of phosphorous 
(P) is carried out under the conditions, that is, a dosage 
of 1^ x 10i5atorns/cm2,andan accelerating voltage of 3s 
60 to 100KV. Here, impurity regions are formed In the 
respective semiconductor layers in a self-aligning man- 
ner with the second conductive layers 1214b. 121 £b as 
masks. Of course, phosphorous Is not added to the re- 
gions covered by the mask 1 21 8. Thus, second impurity <o 
region 1 21 9 and a third impurity region 1220 are formed 
Tne Impurity elements imparting n-type conductivity are 
added to the second impurity region 121 9 in a concern 
trat,on range of i x lo* to 1 x lo*ijbm* Here, the 
region having the same concentration range as the sec- «s 
ond fmpurtty region te also referred to as an rr* region 
[0178] Further, the third Impurity region 1220 rs 
formed to have a lower concentration than that in the 
second fnpurfty region 121 9 by influence of the first con- 
ductive layer 1215a, and is added wfth the impurity ete- so 
ments Imparting n-type conductivity in a concentration 
range of 1 x 1 0 1« to 1 x 1 0 i9/cm3 Not& mat me ^ M 
*npurity region 1220 Is doped via the tapered portion of 
the first conductive layer so that the third impurity region 
1 220 produces the concentration gradient in which the *5 
impurity concentration becomes higher toward the edge 
portion of the tapered portion. Here, the region having 
the same concentration range as that of the third Impu- 



rity region is referred to as an n* region. 
[0179] Next, after the mask 1218 formed of resist is 
removed, mask 1221 formed of resist is newly formed 
and a third doping process is carried out as shown m' 
Rg. 13C. m 
[0180J The above-described third doping process is 
carried out, and fourth Impurity region 1222 and fifth im- 
purity region 1223 are formed in which an impurity ele- 
ments Imparting p-type conductivity are added to the 
semiconductor layer. 

[0181] Further, the Impurity element impartfng p-type 
conductivity is added to the fourth impurity region 1222 
In a concentration range of from 1 x 10 20 to 1 x 1021/ 
cm 3 . Note that, in the fourth impurity region 1222 and 
the fifth impurity region 1 223, phosphorous (P) has been 
added in the preceding step (rr region), bin the impu rhy 
element Imparting p-type conductivity is added more 
than to times the concentration of phosphorous Thus 
the fourth impurity region 1222 has p-type conductivity.' 
Here, the region having the same concentration range 
as the fourth impurity region 1222 is also referred to as 
a p+ region. 

[0182] Further, fifth Impurity region 1223 is formed in 
regions overlapping the tapered portion of the first con- 
ductive layer 1216a. and is added with the Impurity ele- 
ment Imparting p-type conductivity in a concentration 
range of from 1 x lo^to 1 x IOWast* Here, the region 
having the same concentration range as the fifth impu- 
rity region 1223 is also referred to as a p- region. 
(01 83] Through the above-described process, the im- 
purity regions having n-type or p-type conductivity are 
formed in the respective semiconductor layers. Thecon- 
ductive layers 1214, 1215 become gate electrodes of 
TFTs. 

[0184] Next, an insulating film 1224 that covers sub- 
stantially the entire surface is fabricated. In this embod- 
iment, a silicon oxide film is fabricated to have a thick- 
ness of SOnm by plasma CVD, Of course, the insulating 
film is not limited to a silicon oxide fHm, and other Insu- 
lating firm containing silicon may be used in a single 
layer or a lamination structure. 
[0185] Then, the process of activation treatment for 
the Impurity element added to the respective semicon- 
ductor layers is carried out. In this activation process, a 
rapid thermal annealing fffTA) method using a lamp Hght 
source, a method for Irradiating light emitted from a YAG 
laser or an exdmer laser from the back surface, heat 
treatment using a furnace, or a combination thereof Is 
employed. 

[01 86) Further, although an example In which the in- 
sulating film is fabricated before the estivation is de- 
scribed in this embodiment, the insulating fHm may be 
fabricated after the activation is carried out. 
[01 87] Next, a first intertayer Insulating film 1 225 fab- 
ricated of a silicon nitride fikn Is fabricated, and heat- 
treated at the temperature of from 300 to 500*C for 1 to 
12 hours, then, the process of hydrogenalton of the sem- 
iconductor layers is carried out. The hydrogenatlon is 
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carried out for terminating dangling bonds of the semi- 
conductor layer? by hydrogen contained in the first in- 
teriayer insulating film 1225. The semiconductor layers 
can be hydrogenated Irrespective of the existence of an 
insulating film 1224 fabricated of a silicon oxide film. In- 
cidentally, in this embodiment, a material containing alu- 
minum as Its main components is used for the second 
conductive layer, and thus , it is important that hydrogen - 
ation is carried out under the conditions of heat treat- 
ment that the second conductive layer can withstand. 
As another means for hydrogenation, plasma hydrogen- 
ation (using hydrogen excited by plasma) may be adopt- 
ed. 

[0188] Next, a second interiayer Insulating film 1 226 
fabricated of an organic Insulating material Is fabricated 
over the first interiayer insulating film 1225. In this em- 
bodiment, an acrync resin film wfth a thickness of 1 .6um 
Is fabricated. Then, contact holes that reach the respec- 
tive impuriiy regions are formed. In this embodiment, a 
plurality ol etching treatments is sequentially carried out. 
In this embodiment, the second interiayer Insulting film 
1226 is olehed with the first Interiayer insulating film 
122S as the etching stopper, and the first interiayer In- 
sulating film 122S is etched with the insulating film 1224 
as th &otchmg stopper, and then, the insulating film 1224 
is etched 

[0189] Thereafter, wirings 1227 to 1230 are formed by 
using At Ti Mo W or the like. 

[0190] Acco-ding to this, an n-channolTFT 1301 and 
a p -channel TFT 1302 are formed over one substrate 
(Fig. 13D) 

[0191] Furmcr a CMOS circuit can be formed by con- 
necting thb n-crwnnel TFT 1 301 and the p-channel TFT 
1302 to hrivc a complementary structure. 
[0192] in ciSc of using a TFT that has the stnicture 
oescnood tn me embodiment in which the gate elec- 
trode and a p*fl of an impurity region are overlapped 
with each other {GOLD structure), parasite capacitance 
is increased due to the thin gate Insulating film, however, 
if the parasitic capacitance is reduced by reducing the 
size ol nc part of the taper portion of a gate electrode 
(a first conductive layer), the frequency characteristics 
are improved, and higher speed operation and sufficient 
reliable TFT can be realized. 

[0193] As described above, the process that Is de- 
scribed m this embodiment mode of the present inven- 
tion is carried out after the n-channel TFT 1301 and a 
p-channel TFT 1 302 are formed over the substrate 1 200 
so that a semiconductor apparatus according to the 
present invention that has a structure in which a device 
formative layer including these TFTs covered by a f luor- 
aplastic film can be manufactured. 
[01 94) The device formative layer i ndudlng TFT fab- 
ricated according to this embodiment has a thickness at 
most 50p.m. 



Embodiment 8 

[01 95] The state that the semiconductor chip accord- 
ing to the present invention is incorporated Into a module 
5 and actually into an electric appliance will be described 
with reference to Fig. 14 using a cellular phone as an 
example. 

[0196] The module of a cellular phone shown in Fig. 
1 4 is composed of a printed wiring board 1406 on which 

10 a controller 1401 , a CPU 1402, a memory 1411 , a power 
source circuit 1403, a speech processing circuit 1429, 
a transmitter-receiver circuit 1 4o>4, and a device such as 
a resister, a buffer, a capacitance device, or the like, are 
mounted. Though not shown, a panel is mounted on the 

1^ printed wiring board 1406 by a FPC. 

[0197] Various signals are Inputted from a power 
source voltage, a keyboard, or the like Into the printed 
wiring board 1406 via an Interface (l/F) 1409 provided 
with a plurality of input terminals, which Is used for a 

so printed wiring board. A port for an antenna 1410 for 
transmitting and receiving signals to and from an anten- 
na is provided for the printed wiring board 1406. 
[0198] The memory 1411 includes a VRAM, a DRAN, 
a flush memory, or the like. An image date for displaying 

SS a panel is stored in the VRAM, an image data or a voice 
data is stored In the DRAM, and various programs are 
stored in the flush memory. 

[0199] Power supply voltage for the controller 1401 . 
the CPU 1402, the speech processing circuit 1 429, the 

so memory 1 411 , and the transmitter-receiver circuit 1404 
Is generated in the power source circuit 1403. According 
to the specification of a panel, a current source may be 
provided for the power source circuit 1403. 
[0200] The structure of the CPU 1402 is described in 

35 Embodiment 4, and will not be further explained. The 
CPU transmit a signal including various instructions Into 
the memory 1411 , the transmitter-receiver circuit 1404, 
the speech processing circuit 1429, and the controller 
1401. 

40 [0201 ] The memory 1411, -the transmitter-receiver cir- 
cuit 1404. the speech processing circuit 1429, and the 
controller 1401 perform each operation by an instruc- 
tion. Each the operation will be described hereinafter. 
(0202] The signal inputted from a keyboard is trans - 

«s mltted Into the CPU 1 402 mounted over the printed wir- 
ing board I406vlathe Interface 1409. In the CPU 1402, 
an Image data stored in the VRAM is converted into a 
prescribed format In accordance with the signal trans- 
mitted from a keyboard and send to the controller 1 401 . 

50 [0203] Trie image date send from the CPU 1 402 Is da- 
ta-processed in accordance with the panel In the con- 
troller 1401 , and supplied to the panel. In addrtron, the 
controller 1401 generates a Hsync signal, a Vsync sig- 
nal, a dock signal CLK, and a volts alternating current 
(AC Cent) based on as power supply voltage inputted 
from the power source circuit 1403 or various signals 
inputted from CPU 1402, and supply theses signals to 
the panel. 
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[0204] In the transmitter-receiver circuit 1404, a sig- 
nal which is transmitted and received to and from an- 
tenna as an electric wave is processed, specifically, a 
high frequency circuit such as an isolator a band pass 
filter, a VCo (Voltage Controlled Oscillator), en LPP 
(Low Pass Filter), a coupler, and a balun are included. 
A signal among signals transmitted and received to and 
from the transmitter-receiver circuit 1404 is send to the 
speech processing circuit 1429 by an Instruction of the 
CPU 1402. 

[0205] A signal send by the instruction of the CPU 
1402 is demodulated Into a speech signaf in rhe speech 
processing drcult 1429, and send to a speaker. A 
speech signal send from mike is modulated In the 
speech processing circuit I429 r and send to the trans- 
mitter-receiver circuit 1 404 by an instruction ot the CPU 
1402. 

[0206] The controller 1 401 , the CPU 1 402, the power 
source circuit 1 403, the speech processing circuit 1 429, 
and the memory 1411 can be mounted as the semicon- 
ductor chip according to the present invention. The 
present invention can be applied to any circuit except 
the Isolator, the band pass filter, the VCO (Voltage Con- 
trolled Oscillator), an LPF (Low Pass Filter), the coupler, 
and the balun. 

Embodiment 9 

[0207] Various modules as shown In Embodiment 8 
can be completed by Implementing the present inven- 
tion. Thus T various modules can be completed by incor- 
porating these modules thereinto. 
[0208] Given as some examples of electronic appli- 
ances are: a video camera, a digital camera, a head 
mounting display (a goggle type display), a ear naviga- 
tion, a projector, a personal computer; a potable infor- 
mation terminal (an apparatus that can reproduce re- 
cortfing medium such as a mobile computer, a cellular 
phone, a mobile game machine, an electronic notebook, 
etc. and that can display Images of these recording me^ 
dlums), and the like. Figs. 15A to 15G show specific ex- 
ample of the electric appliances. 
[O209J Fig. 15A shows a display Including a frame 
2001, a support 2002, a display screen unit 2003, a 
speaker 2004, a video rnput terminal 2005, and the like. 
The semiconductor chip according to the present inven- 
tion can be used for a circuit unit or the like for displaying 
an image on the display. The display includes all infor- 
mation display apparatus such as an apparatus for a 
personal computer, a TV broadcasting, an advertise- 
ment, or the like. 

[0210] Fig. 15B shows a laptop computer Including a 
main body 2201 , a frame 2202. a display screen una 
2203. a keyboard 2204, an external connection port 
2205, a pointing mouse 2206. and the like. The semi- 
conductor chfc according to the present invention can 
be used for a Circuit unit or the Bke for driving the laptop 
computer. 



[0211] Fig. 15C shows a mobHe computer including a 
main body 2301 . a camera portion 2302, an operation 
switch 2303, a display screen unit 2304, an infrared port 
2305, and the like. The semiconductor chip according 
* to the present invention can be used for 8 circuit unit or 
the like for driving the mobile computer. 
[0212J Rg. 150 shows a player using a record medi- 
um recorded with programs (hereinafter, a record medi- 
um) including a main body 2401 , a frame 2402, a display 
10 screen unit A 2403, a display semen unit D 2404, a read* 
In unit 2405, operation keys 2406, a speaker unit 2407, 
and the like. The player uses DVD (Digital Versatile 
Disc), CD or the like as a record medium and can enjoy 
music, enjoy movie and cany out game or Internet. 
'* [0213] Rg. 1SE shows a portable book (electronic 
book) including a main body 260 1 , display portion 2502, 
a record medium 2603, an operation switch 2504, an 
antenna 2505, and the like. The semiconductor chip ac- 
cording to the present invention can be used Tor a circuit 
unit or the like for operating the portable book. 
[0214] F?g. 15F shows a video camera including a 
main body 2601, a display screen unit 2602, a frame 
2603, en external connection port 2604, a remote con- 
trol receiving portion 2605, an Image receiving portion 
23 2606, a voice Input portion 2608, operation switches 
2609, an eye piece portion 261 0, and the like. The sem- 
iconductor chip according to the present Invention can 
be used for a circuit unit or the like for operating the video 
camera. 

90 [0215] Fig. 15G shows a cellular phone including a 
main body 2701, a frame 2702. a display screen unit 
2703, a sound input portion 2704, a sound output portion 
2705, an operation key 2706, an external connection 
port 2707, a n antenna 2703, and the like. The semteon- 
35 ductor chip according to the present invention can be 
used for a circuit unit or the like for operating the cellular 
phone. 

[0216] As has been described, the range of applying 
the Hght-emitting apparatus according to the present rn- 
46 vention is extremely wide and the semiconductor appa- 
ratus according to the present invention Is applicable to 
electric appliances of all the fields. 
[0217] By implementing the present Invention, a sem- 
iconductor chip which is Integrated by 6tacking a pluraJ- 
4S fry of device formative layer with at most 50um can be 
provided. Moreover, device destruction due to hear or 
the like wrrich is occurred In case thai the semiconductor 
chip Is formed into a thin film can be prevented by using 
a material having great thermal conductive property for 
50 a substrate to which a device formative layer Is trans- 
ferred and en interface on which a device formative layer 
is stacked. 



« Claims 

1 . A semiconductor chip comprising : 
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a first device formative layer with a thickness of 
at most 50ym provided over a thermal conduc- 
tive substrate via a first adhesive layer 
a thermal conductive (Hm formed on the first de- 
vice rormative layer; and s 
a second device formative layer with a thick- 
ness of at most 50jjum formed over the thermal 
conductive film via a second adhesive layer. 

2. The semfconductor chip according to Claim 1, to 
wherein the first device formative layer and the sec- 
ond device formative layer have thicknesses of from 

0.1 to I0um» 

3. The semiconductor chip according to Claim 1, 
wherein the thermal conductive substrate is formed 
of one of a ceramic material containing aluminum 
oxide, aluminum nitride, aluminum nrtrlds oxide, or 
sIDcon nitride as its main components, and a graph- 
ite material containing carbon as its main compo- 
nents. 

4. The semiconductor chip according to Claim 1, 
wherein the thermal conductive film comprises at 
least one selected from the gro up consisting of a lu- 2$ 
minum nitride, aluminum nitride oxide, boron phos- 
phide, boron nitride, and diamond Hke carbon, 

5. The semiconductor chip according to Claim 1 , 
wherein at least one of the first device formative lay- 3o 
er and the second device formative layer comprises 

at least one selected from the group consisting of a 
TFT, a CPU including TFTs, an MPU, a memory and 
a light-emrtHng apparatus. 

6. An electric device having the semiconductor chip 
according to cJaim'l. 

7. The electric device according to claim 6, wherein 
the electric device is one selected from the group 40 
consisting of a video camera, a digital camera, a 
head mounting display a car navigation, a projec- 
tor, a personal computer and a potable information 
terminal. 

45 

B. A semiconductor chip comprising: 

a first device formative layer with a thickness of 
at most 50pm provided over a thermal conduc- 
tive su bstrale via a fi ret adh esrve layer; so 
a thermal conductive film formed on the first de- 
vice formative layer; end 
a second device formative layer with a thick- 
ness of at most 50um formed over the thermal 
conductive film via a second adhesive layer, ss 

wherein each of the first device formative lay- 
er and the second device formative layer is elect rt- 



032 A2 33 

cally connected to the thermal conductive substrate 
by a connection wire. 

9. The semiconductor chip according to Claim 8, 
wherein the firsl device formative layer and the sec- 
ond device formative layer have thicknesses of from 
0.1 to lOum 

10. The semiconductor chip according to Ciaim 8, 
wherein the thermal conductive substrate is formed 
of one of a ceramic material containing aluminum 
oxide, aluminum nitride, aluminum nftrlde oxide, or 
silicon nitride as its main components, and a graph- 
ite material containing carbon as its main compo- 
nents. 

11- The semiconductor chip according to Claim 8, 
wherein tne thermal conductive film comprises at 
least one selected from the group consisting of alu- 
minum nitride, aluminum nitride oxide, boron phos- 
phide, boron nitride, and diamond like carbon. 

12. The semiconductor chip accorcflng to Claim 8, 
wherein at least one of the first device formative lay- 
er and the second device formative layer comprises 
at least one selected from the group consisting of a 
TFT, a CPU Including TFTs, an MPU, a memory and 
a light-emitting apparatus. 

13. An electric device having the semiconductor chip 
according to claim 8. 

14. The electric device according to claim 13, wherein 
the electric device is one selected from the group 
consisting of a video camera, a digital camera, a 
head mounting display, a car navigation, a projec- 
tor, a personal computer and a potable information 
terminal. 

15. A semiconductor chip comprising: 

a first device formative layer with a thickness of 
at most 50um provided over a thermal conduc- 
tive substrate via a first adhesive layer; 
a thermal conductive film formed on the f I rst de- 
vtce formative layer; and 
a second device formative layer with a thick- 
ness of at most 50um formed over the thermal 
conductive film via a second adhesive layer, 

wherein a first semiconductor device included 
in the first device formative layer and a second sem- 
iconductor device Included in the second device 
formative layer are electrically connected via the 
second adhesive layer by a first wiring included in 
the first device formative layer and an auxiliary wir- 
ing connected electrtcolfy to a second wiring includ- 
ed in the second formative layer. 
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16. The semiconductor chip according to Claim 15, 
wherein the first device formailve layer and the sec- 
ond device f ormative layer have thicknesses of from 
0.1 to 10um. 



17. 



The semiconductor chip according to Claim 15, 
wherein the second adhesive layer contains an an- 
isotropic conductive material. 



1B. The semiconductor chip according to Claim 15, 
wherein the thermal conductive substrate Is formed 
of one of a ceramic material containing aluminum 
oxide, aluminum nitride, aluminum nitride oxide, or 
silicon nitride as its main components, and a graph- 
ite material containing carbon as its main compo- 
nents. 

19. The semiconductor chip according to Claim 15. 
wherein the thermal conductive film comprises at 
least one selected from the group consisting of alu- 
minum nilftde. aluminum nitride oxide, boron phos- 
phide, boron nitride, and diamond like carbon. 

20. The semiconductor chip according to Claim 15, 
wherom at loa&i one of the first device formative lay- 
er «nd the second device formative layer comprises 
at least ono selected from the group consisting of a 
TFT * CP J including TFTs, an MPU. a memory and 
a lirjw-cmflimg apparatus. 

21. An clcctnc device having the semiconductor chip 
accord ng to cUim 15. 



22. The ciectic device according to claim 21, wherein 
tne etcciric device is one selected from the group 
consisting of a video camera, a digital camera, a 
head mounting display, a car navigation, a projec- 
tor, a personal computer and a potable information 
terminal 

23. A method lor manufacturing a semiconductor chip 
having a oiurality of device formative layers with 
thicknesses of at most 50u/n over a thermal con- 
ducirvo substrate, comprising the steps of: 

fabricating a first device formative layer Includ- 
ing h plurably of thin film tmnsistors over a flrsi 
substrate: 

fabricating a soluble organic resin film over the 
first device formative layer; 
fabricating a first adhesive layer in contact with 
the first soluble organic reein film; 
bonding the second substrate to the first solu- 
ble organic resin ffltiviathe first adhesive layer, 
and sandwiching the first device formative layer 
and the first soluble organic resin film between 
the first substrate and the second substrate; 
separating and removing the first substrate 
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from the first device formative layer by a phys- 
ical means; 

fabricating a second adhesive layer in contact 
with the thermal conductive substrate; 
bonding an exposed surface of the first device 
formative layer to the thermal conductive sub- 
strate via the second adhesrve layer; 
separating the first adhesive layer and the sec- 
ond substrate from the first device formative 
layer; 

removing the first soluble organic resin film with 
solvent; 

fabricating a thin film having thermal conductiv- 
ity over an exposed surface; 
fabricating a second device formative layer in- 
cluding a plurality of thin film transistors over a 
third substrate; 

fabricating a second soluble organic resin film 
over the second device forrnatrya layer; 
fabricating a third adhesive layer in contact with 
the second soluble organic resin film; 
bonding the fourth substrate to the second sol- 
uble organic resin film via the third adhesive 
layer, an d sandwiching the second device form- 
ative layer and the second soluble organ lo resin 
film between the third substrate and the fourth 
substrate; 

separating and removing the third substrate 
from the second device formative layer by a 
physical means; 

fabricating a fourth adhesive layer in contact 
with a thin film having thermal conductivity: and 
an exposed surface of the second device form- 
ative tayer over the thin film having thermal con- 
ductivity via the fourth adhesive layer. 

The method for manufacturing the semiconductor 
chip according to Claim 23. wherein the third adhe- 
srve layer and the fourth substrate are separated 
form the second device formative layer, and the 
second soluble organic resin film is remover wfth 
solvent. 

The method for manufacturing the semiconductor 
chip according to Claim 23. wherein the thin film 
having thermal conductivity Is formed of a film of 
aluminum nitride, aluminum nitride oxide, boron 
phosphide, boron nftrWe. or diamond like carbon, or 
a lamination film of these films, each of which Is 
formed by sputtering. 

The method for manufacturing the semiconductor 
chip according to Claim 23. either or both of the sec- 
ond adhesive layer and the fourth adhesive layer 
are formed by using an anisotropic adhesive, and 
the device formative fayer is bonded via either or 
both of the second adhesive layer and the fourth 
adhesive layer by being irradiated with ultra waves. 
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